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CHEMICAL  COMPOUNDS  IN  FOOD- 
PRODUCING  ANIMALS 

Criteria  and  Procedures  for  Evaluating  As¬ 
says  for  Carcinogenic  Residues  in  Edible 
Products  of  Animals 

The  Food  and  Drug  Administration 
(FDA)  is  establishing  procedures  and 
minimum  criteria  to  ensure  the  absence 
of  carcinogenic  residues  In  edible  prod¬ 
ucts  derived  from  food-producing  ani¬ 
mals  that  are  administered  drugs,  food 
additives,  or  color  additives.  These  regu¬ 
lations  srt  forth  below  provide  an  opera¬ 
tional  definition  of  the  no-residue  re¬ 
quirement  the  so-c8dled  “DES  proviso” 
to  the  anticancer  clauses,  sections  409(c) 
(3) (A),  512(d)(1)(H).  and  706(b)(5) 
(B) .  of  the  Federal  Food,  Drug,  and  Cos¬ 
metic  Act  (21  UH.C.  348(c)  (3)  (A).  360b 
(d)(1)(H),  and  376(b)(5)(B)).  The 
regulations  also  establish  criteria  for 
acceptance  of  assay  methods  and  im'o- 
cedures  for  establishing  suitable  post- 
administration  withdrawal  periods  to 
prevent  the  occurrence  of  carcinogenic 
residues  in  edible  products.  The  regtila- 
tlons  Shan  become  effective  on  March 
21, 1977. 

Prior  to  Jiily  19,  1973,  FDA  had  ap¬ 
plied  the  proviso  to  the  anticanco* 
clauses  of  the  act  on  a  case-by-case  basis, 
without  published  criteria.  The  Commis¬ 
sioner  of  Food  and  Drugs  concluded  that 
it  was  appropriate  and  necessary  to 
establish  such  criteria  and  procedures 
for  their  application  Uirough  rule  mak¬ 
ing  in  order  to  permit  public  discussion 
of  the  scientific,  legal,  and  policy  issues 
Involved.  Accordingly,  Ihe  Commissioner 
Issued  these  regulations  as  a  proposal, 
published  in  the  Federal  Register  of 
July  19.  1973  (38  FR  19226),  and  af¬ 
forded  60  days  for  pubUc  comment. 

Forty-six  comments  on  the  proposal 
were  received.  These  were  submitted  by 
scientists  afBliated  with  consumer  groups, 
universities,  scientific  societies.  State  and 
Federal  agencies,  trade  associations,  and 
affected  manufacturers,  and  some  from 
nonaffUiated  individuals.  Many  comments 
revealed  sharp  divergence  of  opinion  con¬ 
cerning  FDA’s  interpretation  of  the  pro¬ 
viso  to  the  anticancer  clauses  of  the  act. 
For  this  reason,  the  Commissioner  has 
set  forth,  initially,  the  legal  and  scientif¬ 
ic  rationale  for  these  final  regulations. 
Specific  comments  are  described  and  dis¬ 
cussed  later  in  the  preamble  in  connec¬ 
tion  with  the  provisions  of  the  regula¬ 
tions  to  which  ^ey  relate. 

I.  Introduction 

A.  STATUTORY  BACKGROUND 

Section  409  of  the  Federal  Food,  Drug, 
and  Cosmetic  Act  establishes  criteria  and 
prescribes  procedures  for  the  approval 
of  food  additives  that  have  been  showm 


to  be  safe.  As  enacted  in  1958,  the  anti- 
cancer  (or  so-called  Delaney)  clause  of 
section  409  fiatly  proscribed  the  approval 
of  any  additive  that  ”is  found  to  Induce 
cancer  when  ingested  by  man  or  animal, 
or  if  it  is  found,  after  tests  which  are  ap¬ 
propriate  for  the  evaluation  of  the  safety 
of  food  additives,  to  induce  cancer  in 
man  or  animal  •  •  *.”  As  applied  to  addi¬ 
tives  added  directly  to  human  food,  this 
language  has  remained  unchanged.  Ac¬ 
cordingly,  as  a  legal  matter,  section  409 
precludes  a  finding  by  FDA  that  a  direct 
food  additive  that  has  been  shown  to 
cause  cancer  in  laboratory  animals  (or, 
of  course,  in  man)  can  be  safely  added 
to  food,  in  any  amoimt,  for  any  purpose. 
Section  706  of  the  act  similarly  prohibits 
the  approval  of  any  carcinogenic  color 
additive. 

The  use  of  chemical  compounds  as  ad¬ 
ditives  to  the  feed  of  animals  or  as  ani¬ 
mal  drugs  has  posed  more  complex  imb- 
lems.  The  act  requires  that  compounds 
administered  to  animals  as  food  addi¬ 
tives,  color  additives,  or  animal  drugs  be 
shown  to  be  safe  for  use.  Under  section 
201  (u)  of  the  act  (21  U.S.C.  321(u) ),  the 
term  “safe”  clearly  embraces  the  health 
of  man,  as  well  as  the  health  of  the  ani¬ 
mals  to  which  such  cmnpounds  are  given. 
Hius,  in  evaluating  the  safety  com- 
poimds  to  be  administered  to  animals 
raised  or  maintained  for  production  of 
food  f<M-  man,  such  as  cattle,  swine,  and 
poultry.  Congress  has  from  the  beginning 
recognircd  that  consideration  had  to  be 
given  to  the  safety  of  possible  residues 
of  the  ccHupounds  in  the  products  of  ani¬ 
mals  that  become  sources  of  food  for 
man,  Le.,  meat,  milk,  and  eggs. 

Prior  to  1962,  the  anticancer  clauses 
in  section  409  and  section  706  did  not 
distinguish  between  compounds  added 
directly  to  hiunan  food  and  compounds 
that  might  indirectly  enter  human  food 
through  administration,  as  feed  addi¬ 
tives  or  drugs,  to  food-producing  ani¬ 
mals.  The  act  was  interpreted  as  forbid¬ 
ding  FDA  to  ai^rove  the  use  of  a  car¬ 
cinogenic  animal  drug  whether  or  not 
the  compounds  might  leave  any  residues 
in  the  edible  tissues  of  the  animal.  How¬ 
ever,  Congress  modified  this  fiat  prohi¬ 
bition  in  1962  as  part  of  the  Drug 
Amendments  of  1962,  to  focus  on  the 
likelihood  that  a  compound  would  pro¬ 
duce  detectable  residues.  Section  409(c) 
(3)  (A)  now  reads; 

•  •  •  IN]o  additive  shall  be  deemed  to  be 
safe  if  it  is  found  to  induce  cancer  when  in¬ 
gested  by  man  ex'  animal,  or  if  it  is  found, 
after  tests  which  are  appropriate  for  the 
evaluation  of  the  safety  of  food  additives,  to 
induce  cancer  in  man  or  animal,  except  that 
this  proviso  shall  not  apply  with  respect  to 
the  use  of  a  substiince  as  an  ingredient  of 
feed  for  animals  which  are  raised  for  food 
production,  if  the  Secretary  finds  (i)  that, 
under  the  conditions  of  use  and  feeding 
specified  in  proposed  labeling  and  reasonably 
certain  to  be  followed  in  practice,  such  ad¬ 
ditive  will  not  adversely  affect  the  animals 
for  which  such  feed  is  intended,  and  (U) 
that  no  residue  of  the  additive  will  be  found 
(by  methods  of  examination  prescribed  or 
approved  by  the  Secretary  by  regulations, 
which  regulations  shall  not  be  subject  to 
subsections  (f)  and  (g))  in  any  edible  por- 


tlMi  of  mdi  animal  after  daughter  or  in 
any  food  yMded  by  or  derived  fitHn  the  living 

•  •  • 

Modlficatltm  of  the  effect  (rf  the  anti- 
cancer  clause  of  section  409  was  first 
suggested  during  cfmgressional  c<msld- 
eratlon  of  the  Color  Additive  Amend- 
m^ts  of  1960.  In  May  1960,  the  then- 
Secretary  of  Health,  Education,  and  Wel¬ 
fare  urged  Congress  to  modify  the  act, 
explaining; 

Thaw  Is  •  •  •  one  respect  to  which  the 
anticancer  proviso  has  proved  to  be  need¬ 
lessly  stringent  as  applied  to  the  use  of  ad¬ 
ditives  in  animal  feed.  For  example,  in  the 
case  (rf  .various  animals  raised  for  food  pro¬ 
duction,  certain  drugs  are  used  in  animal 
feed  which  will  leave  no  residue  in  the  ani¬ 
mal  after  slaughter  or  in  any  food  product 
(such  as  milk  or  eggs)  obtained  from  the 
living  animal,  and  which  are  therefore  per¬ 
fectly  safe  for  man.  If  this  is  demonstrated 
with  respect  to  any  particular  additive  in¬ 
tended  for  animal  feed,  and  the  additive  will 
not  advmely  affect  the  animal  Itself  dur¬ 
ing  Its  expected  or  Intended  life  cycle,  we 
can  see  no  reason  for  not  permitting  such  a 
use  of  an  additive  which  could  be  highly 
useful  and  beneficial  in  the  raising  of  ani¬ 
mals  for  food  •  •  •. 

We  therefore  have  included  in  the  en¬ 
closed  draft  bill  an  amendment  to  permit  use 
of  an  additive  In  animal  feed  under  the 
above-mentioned  conditions. 

•  •  •  •  • 

[U]nder  the  amendment,  the  assay 
methods  iq>plicable  In  determining  whether 
there  will  be  a  residue  shall  be  those  pre¬ 
scribed  or  iq>proved  by  us  by  regtilations.  This 
will  give  reasonable  certainty  In  that  regard, 
although,  of  course,  such  r^ulatlons  may 
from  time  Co  time  be  changed  as  new  scien¬ 
tific  developments  demonstrate  a  need  for 
change.  It  should  be  clearly  understood  that 
the  Industry  still  would  have  the  responsi¬ 
bility  of  developing  adequate  cmalytlcal 
methods  lor  detecting  residues  and  furnish¬ 
ing  them  to  the  Government  with  a  petition 
for  ^proval  of  an  additive.  H.R.  Rep.  No. 
2664,  86th  Cong.,  2d  Sess.  (1960) . 

The  amendments  proposed  by  the  De¬ 
partment  were  not  Included  in  the  color 
additive  legislation.  During  the  follow¬ 
ing  2  years,  however,  concern  continued 
to  be  expressed  about  application  of  the 
anticancer  clause  in  section  409.  As  a 
result,  legislation  similar  to  that  earlier 
recommended  by  the  Department  of 
Health,  Education,  and  Welfare  was  in¬ 
troduce  in  1962.  The  House  Committee 
on  Interstate  and  Foreign  Commerce 
ultimatdy  included  modifications  of  the 
anticancer  clause  in  its  report  on  the 
Drug  Amendments  of  1962,  with  the  fol¬ 
lowing  explanation; 

The  committee  amended  the  anticaucer 
clause  of  the  food  additives  amendment  and 
the  color  additive  amendment  of  the  Fed¬ 
eral  Food,  Drug,  and  Cosmetic  Act  by  making 
this  clause  inapplicable  to  chemicals  such  as 
veterinary  drugs  when  used  in  feed  for  food- 
producing  animals  if  the  Secretary  finds  (1) 
that  under  the  conditions  of  use  and  feed¬ 
ing  specified  in  tbs  proposed  labeling  and 
reasonably  certain  to  be  followed  in  practice, 
such  additive  will  not  adversely  affect  the 
animals  for  which  such  feed  is  intended,  and 
(2)  that  no  residue  of  the  additive  will  be 
found  (by  methods  of  examination  prescrib¬ 
ed  or  approved  by  the  Secretary  by  regrila- 
tions)  in  any  edible  portion  of  the  animal 
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after  slaughter  or  In  anj  food  such  as  milk 
or  eggs  yielded  by  or  derived  from  the  living 
animal.  HJt.  R^.  No.  2464,  87th  Cong.,  2d 
Sees.  (1962). 

Although  controversial,  these  amend¬ 
ments  were  agreed  to  by  the  full  House^of 
Representatives.  The  Senate  accepted 
the  House-passed  modifications  of  the 
anticancer  clauses  in  conference  (H.R. 
Rep.  No.  2526,  87th  Cong.,  2d  Sess. 
(1962)). 

Beginning  in  1962,  efforts  were  also 
made  in  Congress  to  consolidate  the 
various  provisions  of  the  law  applicable 
to  animal  drugs  under  the  new  drug,  food 
additive,  and  antibiotic  sections  of  the 
statute,  with  the  objectives  of  clarifying 
the  applicable  requirements  and  expedit¬ 
ing  approvals  of  new  animal  drugs.  No 
attempt  was  made  to  reopen  the  issue  of 
the  anticancer  clause,  however,  and 
neither  the  committee  reports  nor  the 
floor  debates  in  the  resulting  legislation 
mentioned  the  anticancer  clause  which 
precluded  approval  of  a  new  animal  drug 
if: 

•  •  •  such  drug  Induces  cancer  when  in¬ 
gested  by  man  or  n.ninr»ai  or,  after  tests  which 
are  appropriate  for  the  evaluation  of  the 
safety  of  such  drug.  Induces  cancer  In  man 
or  animal,  except  that  the  foregoing  provi¬ 
sions  of  this  subparagraph  shaU  not  apply 
with  respect  to  such  drug  If  the  Secretary 
finds  that,  tmder  the  conditions  of  use 
specified  In  proposed  Ishellng  and  reasonably 
certain  to  be  followed  In  practice  (1)  such 
drug  wUl  not  adversely  affect  the  animals 
for  which  it  is  Intended,  and  (11)  no  residue 
of  such  drug  will  be  found  (by  methods  of 
examination  prescribed  or  approved  by  the- 
Secretary  by  regulations,  which  regrUatlons 
shall  not  be  subject  to  subsections  (c),  (d), 
and  (h) ) .  In  any  edible  portion  of  such  ani¬ 
mals  after  slaughter  or  In  any  food  yielded 
by  or  derived  from  the  living  animals  *  • 

(21  U.S.C.  360b(d)  (1)  (H).) 

The  legislation  was  enacted  without 
controversy  as  the  Animal  Drug  Amend¬ 
ments  of  1968,  and  without  evident  c<m- 
gressional  desire  to  alter  the  anticancer 
clauses,  as  modified  In  1962  for  animal 
drugs. 

B.  STATUTORY  INTERPRETATION 

The  enactment  in  1962  of  the  so-called 
DES  proviso  to  the  Delaney  anticancer 
clause  has  been  a  source  of  continuing 
controversy.  There  has  not  been  unanim¬ 
ity  on  the'  proper  interpretation  of  Con¬ 
gress’  action,  and  the  legislative  history 
of  the  proviso,  summarized  above,  does 
not  lay  to  rest  all  doubts. 

Two  Interpretations  of  the  proviso  are, 
in  theory,  possible.  The  first  interpreta¬ 
tion,  which  in  the  Commissioner’s  judg¬ 
ment  is  the  less  probable,  is  that  Con¬ 
gress  intended  to  allow  FDA  to  approve 
the  use  of  a  carcinogenic  compoimd  in 
food-producing  animals  only  if  it  could 
be  absolutely  positive  that  no  traces 
whatever — no  matter  how  small — would 
remain  in  edible  tissues. 

This  interpretation  presents  several 
difficulties,  all  stemming  from  the  fact 
that  any  introduction  of  a  compound 
(whether  or  not  carcinogenic)  is  likely 
to  leave  minute  residues  in  edible  tissues 
that  are  below  the  level  of  detection  of 
any  known  or  likely  to  be  developed 


method  of  analysis  (assay) .  It  is  a  funda¬ 
mental  fact  of  analytical  science  that  for 
every  assay  develt^ied  to  measure  the 
concentration  of  a  chemical  compound 
in  a  medium  (in  this  case,  a  residue  in  an 
edible  tissue,  there  is  some  lowest  con¬ 
centration  or  level  of  such  compound 
below  which  the  assay  will  not  yield  an 
interpretable  result.  If.  for  example,  an 
assay  measures  a  particular  compound 
in  muscle  tissue  (an  edible  tissue),  and 
the  assay  has  been  shown  to  have  a  low¬ 
est  limit  of  measurement  of  one  part  per 
billion  (1  ppb — one  part  compound  in  one 
billion  parts  tissue  on  a  weight  basis,  such 
as  1  nanogram  of  compound  per  1  gram 
of  tissue),  examination  of  muscle  tissue 
using  this  assay  will  reveal  that  the  com¬ 
pound  is  present  only  if  its  concentra¬ 
tion  in  muscle  tissue  is  1  ppb  or  higher. 
If  the  compoimd  is  present  in  the  tissue 
at  levels  below  1  pj^,  use  of  the  assay 
will  yield  no  interpretable  result.  Thus, 
the  assay  cannot  distinguish  between 
muscle  tissues  containing  the  compound 
at  levels  below  1  ppb  and  muscle  tissues 
from  which  the  compoimd  is  absent  in 
the  absolute  sense  of  the  term. 

Although  different  assays  may  have 
differ«it  lowest  limits  of  measuremait, 
all  assays  are  subject  to  the  same  limi¬ 
tation.  Thus,  when  a  tissue  is  examined 
with  an  assay  having  a  lowest  limit  of 
measurement  of  1  ppb  and  no  interpret¬ 
able  response  is  observed,  the  analjrst  can 
only  conclude  that  the  ccmipound  under 
analysis  is  not  present  at  levels  of  1  ppb 
and  above.  It  can  never  be  concluded  that 
the  compound  Is  “not  present”  in  the  ab¬ 
solute  sense.  It  is  thus  impossible  to  de¬ 
termine  the  ccmditions  under  which  edi¬ 
ble  tissues  derived  from  food-producing 
animals  that  have  received  a  carcinogen 
will  contain  no  residue  If  the  phrase  “no 
residue”  is  to  be  interpreted  literally.  Ac¬ 
cordingly,  this  first  possible  Interpreta¬ 
tion  of  the  DES  proviso  would  not  permit 
the  approval  of  any  animal  drug  known 
to  be  carcinogenic  because  the  Commis¬ 
sioner  could  never  find  that  no  trace 
whatever  would  remain  In  the  edible 
tissues  of  the  animals  to  which  the  ccm- 
pound  was  administered. 

This  Interpretation  would  thus  render 
the  DES  proviso  a  “Catch-22.’’  The 
proviso  would  permit  the  approval  of  car¬ 
cinogenic  drugs  for  animals  If  the  Com¬ 
missioner  could  be  certain  that  no  resi¬ 
dues  whatever  would  remain,  but  since 
he  would  only  conclude  that  some  trace 
might  well  remain,  no  such  drug  could 
ever  be  approved.  This  seems,  at  the  very 
least,  an  improbable  interpretation  of  an 
amendment  Congress  enacted  precisely 
because  it  wanted  to  relieve  animal  drugs 
from  the  rigid  strictures  of  the  antican¬ 
cer  clauses. 

Furthermore,  this  interpretation  is  dif¬ 
ficult  to  reconcile  with  the  language  of 
the  DES  exception,  which  specifies  that 
“no  residue”  may  be  “found  (by  methods 
of  examination  prescribed  or  approved 
by  the  Secretary  •  •  *)  in  any  edible 
portion  of  such  animals  *  •  "niis 
language  conspicuously  avoids  such 
words  as  “occur”  or  “remain,”  and  in¬ 
stead  emphasizes  detectability.  Moreover, 
the  same  proviso  refers  to  “conditions  of 
use  •  •  *  reasonably  certain  to  be  fol¬ 


lowed  in  practice,”  suggesting  a  congres¬ 
sional  recognition  that  the  occurrence  of 
some  residues,  l.e.,  residues  resulting 
from  unforeseeable  misuse,  might  not  re¬ 
quire  disapproval  of  a  compound  even  if 
they  were  detected. 

A  second,  and  in  the  Cwnmissioner's 
view  more  plausible,  interpretatlcm  of  the 
DES  proviso  accepts  the  w’ords  of  the 
amendment  and  focuses  on  the  language 
previously  quoted:  “no  residue  of  such 
drug  will  be  found  (by  methods  of  ex¬ 
amination  prescribed  or  approved  by  the 
Secretary  by  regulations  *  *  Under 
this  interpretation,  an  animal  drug  that 
is  carcinogenic  may  be  approved  for  use 
in  animals  if  examination  of  edible  tis¬ 
sues  by  an  assay  approved  by  FDA  re¬ 
veals  no  residues. 

This  in  essence  is  the  interpretation 
that  FDA  has  followed  since  the  passage 
of  the  DES  proviso:  The  agency  has  ap¬ 
proved  carcinogenic  compounds  for  use 
in'  animal  feed  or  as  animal  drugs  on 
the  basis  of  assays  capable  of  measuring 
prescribed  levels  of  residues.  However, 
the  agency  has  not  previously  attempted 
to  define  and  explain  the  criteria  it  em¬ 
ploys  in  evaluating  assays  submitted  in 
support  of  approval  of  animal  feed 
additives,  and  color  additives.  That  is  the 
purpose  of  this  document. 

The  Commissioner  believes  that  the 
criteria  to  be  applied  in  evaluating  assays 
for  residues  of  carcinogenic  compounds 
in  the  edible  tissue  of  food  animals  must 
further  the  congressional  objective  of 
minimizing  public  exposure  to  carcino¬ 
genic  compounds,  without  nullifying  the 
decision  reflected  in  the  DES  proviso, 
which  the  first  fnterpretation  of  the  pro¬ 
viso  would  do.  As  explained  more  fully 
below,  the  criteria  set  forth  in  these 
regulations  for  the  evaluation  of  assays 
ior  carcinogenic  residues  are  minimum 
requirements.  They  are  designed  to  iden¬ 
tify  assays  that  are  (1)  reliable  and 
practical  for  use  by  a  regulatory  agency 
and  (2)  capable  of  measuring  residues  at 
levels  that  have  been  determined,  on  the 
basis  of  animal  toxicity  tests,  to  present 
no  significant  Increase  in  human  risk  of 
cancer.  An  assay  that  does  not  meet  botli 
criteria  cannot  be  approved.  The  Com¬ 
missioner  recognizes  that  for  some  com¬ 
pounds  currently  in  use  no  reliable  and 
practical  assay  capable  of  sufaciently  low 
limits  of  measurement  now  exists,  and 
that  approval  of  their  continued  use 
must  be  reexamined. 

The  Commissioner  further  believes 
that  the  policy  embodied  in  the  antican¬ 
cer  clauses  requires  application  of  a  third 
criterion  to  the  evaluation  of  assays: 
The  agency  therefore  will  insist  that  of 
the  available  assays,  the  one  approved 
for  controlling  carcinogenic  residues 
must  be  the  one  having  the  lowest  limit 
of  reliable  measurement  and  capable  of 
satisfying  the  other  two  criteria.  This 
means  that,  as  new  practical  assays  ca¬ 
pable  of  reliably  measuring  lower  levels 
of  residues  become  available,  approved 
compounds  will  be  controlled  with  such 
assays  and  petitioners  will  be  required 
to  make  any  modifications  in  the  condi¬ 
tions  of  use  of  a  cennpound  necessary  to 
prevent  residues  from  occurring. 
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The  Commissioner  recognizes  that  this 
third  criterion  may  lead  to  the  with¬ 
drawal  of  approval  of  some  compounds 
because  they  cannot  be  used  without  de¬ 
tection  by  newer  assays.  (This  prospect 
is  in  part  theoretical,  however,  because 
the  other  minimum  criteria  defined  in 
this  regulation  demand  a  low  limit  of 
measurement  for  assays  that  for  many 
compoimds  is  at  or  below  the  lower 
limits  of  present  technology.)  Any  other 
posture,  however,  would  place  FDA  in  the 
position  of  approving  the  use  of  carcino¬ 
genic  compounds  that  could  be  measured 
by  new,  practical  assays  capable  of  re¬ 
liably  measuring  lower  levels  of  residues. 

It  is,  of  course,  also  true  that  the  cri¬ 
teria  outlined  in  these  r^rulations  will 
sometimes  permit  the  approval,  for  use 
in  animal  feed  or  as  animal  drugs,  of 
carcinogenic  compounds  that  are  likely 
to  leave  minisciile  residues  below  the 
lowest  level  of  reliable  measurement  of 
any  assay  that  meets  the  other  criteria 
herein  set  forth.  This,  however,  is  the 
result  of  congressional  enactment  of  the 
DES  proviso.  Moreover,  this  result  makes 
sense  in  practical  terms,  for  a  regulatory 
agency  cannot  effectively  control  resi¬ 
dues — of  any  compound — ^that  are  so 
small  that  they  escape  measurement  by 
every  current  assay,  simply  on  the  as¬ 
sumption  that  such  residues  must  oe  oc¬ 
curring. 

In  sum,  the  interpretation  adopted  in 
these  regulations  is  reconcilable  with 
both  the  purpose  and  language  of  the 
DES  proviso,  and  will  further  the  con¬ 
gressional  objective  of  minimizing  public 
exposiu’e  to  residues  of  carcinogenic 
compounds. 

C.  OVERVIEW  OF  THE  REGULATION 

The  proviso  to  the  anticancer  clauses 
allows  the  approval  of  the  use  of  car¬ 
cinogens  in  fooJ-produclng  animals  If, 
imder  conditions  of  use  “reasonably  cer¬ 
tain  to  be  followed  in  practice,”  no  res¬ 
idue  is  foimd  by  an  (assay)  prescribed  or 
approved  by  the  Secretary,  To  assure 
protection  of  the  public  in  a  manner  con¬ 
sistent  with  the  anticancer  provisions  of 
the  act,  the  Commissioner  must  estab¬ 
lish  criteria  for  approval  of  assays  to 
Include,  among  other  things,  a  required 
lowest  limit  of  measurement. 

Accordingly,  these  regulations  estab¬ 
lish  criteria  for  accepting  assays  used  to 
measure  carcinogenic  residues  4n  edible 
tissues  of  food-producing  ani^ls  which 
have  been  administered  carcinogens. 
Such  criteria  cover  assay  attributes  such 
as  dependability,  practicability,  specific¬ 
ity,  accuracy,  and  precision.  Additional¬ 
ly,  the  regulations  establish  a  specific 
criterion  for  the  lowest  limit  of  reliable 
measurement  which  an  assay  must  meet, 
as  a  minimum,  before  it  can  be  approved 
by  the  agency  for  the  control  of  carcino¬ 
genic  residues.  This  criterion  for  the  re¬ 
quired  lowest  limit  of  measurement  of  an 
assay  derives  from  toxlcolo^cal  data  ob¬ 
tained  for  carcinogenic  residues  and  from 
an  operational  definition  of  the  no-resi¬ 
due  objective  standard  of  the  act. 

If  an  assay  meeting  the  above  criteria  is 
avanaUe  does  the  Commissioner  have  a 
mechanism  to  discriminate  between 


tissues  cmitaining  a  residue  and  tissues 
containing  no  residue.  Without  such  a 
monitoring  mechanism,  the  commis¬ 
sioner  has  no  way  to  determine  if  a  car¬ 
cinogenic  drug  or  additive  administered 
to  a  food-producing  animal  is  or  even 
can  be  used  in  compliance  with  the  act. 

In  these  regulations  the  Commissioner 
has  established  a  rigorous  premarket 
testing  process  for  sponsored  compounds 
intended  for  use  in  food-producing  ani¬ 
mals.  The  process  treats  all  compounds 
initially  as  potential  carcinogens  and 
embodies  conservative  assumptions  at 
each  stage  of  the  inquiry  to  determine 
the  minimally  acceptable  lowest  limit  of 
reliable  measurement  for  a  regulatory 
assay.  Because  this  minimally  accept¬ 
able  limit  is  determined  by  toxicity  data, 
the  Ccanmissioner  may  conclude  that  an 
assay  satisfying  the  requirements  of  the 
regulations  is  capable  of  demonstrating 
the  absence  of  carcinogenic  residues  in 
food.  By  thus  particularizing  the  statu¬ 
tory  requirements,  the  Commissioner 
has  established  the  basis  for  rejecting 
sponsored  compounds  which  are  claimed 
to  satisfy  the  no-residue  standard  by 
other  mechanisms. 

1.  Fundamental  questions.  For  every 
drug  or  additive  proposed  for  use  in  food- 
producing  animals  (hereinafter  the  spon¬ 
sored  compound),  the  Commissioner  is 
required  by  the  act  to  determine  whether 
such  sp<msored  compound  can  be  used 
in  ways  which  are  safe  for  the  animals 
to  which  the  compound  will  be  adminis¬ 
tered  (target  animals)  and  whether  food 
(meat,  milk,  and  eggs)  derived  from  such 
animals  (hereinafter  edible  tissues)  will 
be  safe  for  hmnan  consumption.  The 
sponsor  of  such  compound  (hereinafter 
the  petitioner)  is  therefore  required  to 
furnish  the  Commissioner  the  scientific 
and  technological  information  necessary 
for  such  a  determination:  the  Commis¬ 
sioner  In  turn  is  required  by  the  act  to 
determine  on  the  basis  of  all  available 
data  whether,  in  actual  practice,  the 
sponsored  compoxmd  can  be  used  in 
compliance  with  the  law. 

Although  a  major  obligation  of  a  peti¬ 
tioner  proposing  the  use  in  food-produc¬ 
ing  animals  of  a  compoimd  that  is  a 
carcinogen  is  the  development  of  a  prac¬ 
tical  and  reliable  assay  capable  of  dis¬ 
criminating  tissues  containing  residues 
from  tissues  free  of  such  residues,  as  de¬ 
fined  operationally,  such  as  an  assay 
cannot  be  developed  in  the  absence  of 
certain  scientific  and  technological  infor¬ 
mation  whose  nature  is  not  strictly 
analytic. 

Specifically,  for  every  sponsored  com¬ 
pound,  sever^  questions  must  be  an¬ 
swered  before  assay  development  can  be 
undertaken  or  compound  approval  con¬ 
sidered: 

(a)  What  is  ttie  chemical  nature  of 
the  sponsored  cimipound  and  how  is  it 
to  be  used? 

(b)  On  the  bcusls  of  preliminary  toxi¬ 
cological  and  biochanlcal  Informatiim, 
can  it  be  concluded  that  the  compound 
has  the  potential  to  contaminate  human 
food  (e(!Dble  tissues)  with  residues  of 
carcinogenic  concern? 


(c)  If  so,  what  is  the  chemical  nature 
of  the  residues  of  the  compound,  in  what 
tissues  are  they  found,  at  what  levels, 
and  for  what  length  of  time? 

(d)  Is  the  sponsored  compoimd  or  any 
of  the  residues  it  produces  in  edible  tis¬ 
sue  carcinogenic  in  experimental  ani¬ 
mals? 

(e)  If  so,  what  level  of  residues  can 
be  operationally  defined  as  satisfying  the 
no  residue  requirement  of  the  act? 

(f)  Can  a  reliable  and  practical  assay 
be  developed  to  measure  the  edible  tissue 
residues  at  a  level  at  least  as  low  as  that 
which  operationally  satisfies  the  no- 
residue  requirement  of  the  act? 

(g)  At  what  time  after  cessation  of 
compound  exposure  do  the  edible  tissues 
of  exposed  food-producing  animals  sat¬ 
isfy  the  no-residue  requirement  of  the 
act,  i.e.,  what  is  the  necessary  withdrawal 
time? 

2.  Data  collection  process.  To  provide 
answers  to  the  preceding  questions,  a 
petitioner  must  gather  pertinent  scien¬ 
tific  information,  the  nature  of  which  is 
particularized  below.  These  regulations 
establish  the  procedure  for  gathering  and 
evaluating  the  requisite  scientific  infor¬ 
mation.  The  process  is  stQJwise  and  evo¬ 
lutionary  because  the  ne^,  as  well  as 
ability,  to  proceed  to  the  nest  step  of  data 
collection  depends  upon  the  results  ob¬ 
tained  at  each  preceding  step.  If  the  eval¬ 
uation  of  the  data  collected  at  each  step 
indicates  that  questions  regarding  resi¬ 
dues  of  carcinogenic  concern  remain,  the 
process  of  data  collection  mast  continue. 
If  at  some  point  in  the  process  of  data 
collection  it  can  be  deckled  that  the 
sponsored  compound  presents  no  human 
risk  of  carcinogene^,  the  sponsored 
compound  shall  be  evaluated  under  the 
general  food  safety  proviskms  of  the  act. 
In  such  a  case,  the  compound  may  be  as¬ 
signed  a  safe  tolerance  level  in  human 
food  if  the  petitioner  provides  the  data 
necessary  to  establish  that  the  compound 
can  be  used  safely. 

These  regulations  deal  with  carcino¬ 
genesis,  which  is  a  dominant  concern  in 
appraising  the  safety  of  any  sponsored 
compound  intended  for  use  In  food-pro¬ 
ducing  animals.  Neverthdess,  each  com¬ 
pound  must  also  be  evaluated  for  other 
potential  adverse  effects.  Thus,  for  ex¬ 
ample,  if  the  available  Information 
raises  issues  concerning  the  health  of 
progeny,  multigeneration  studies  of  the 
sponsored  compound  and/or  its  residues 
shall  be  codesigned  and  conducted  as  a 
part  of  the  process  of  data  collection  and 
evaluation. 

If  the  Commissioner  makes  a  threshold 
determination,  based  on  (1)  preliminary 
biochemical,  chemical,  toxicological  and 
physiological  data,  and  (2)  proposed  pat¬ 
terns  of  use,  that  a  sponsored  compoimd 
has  the  potential  to  contaminate  food 
from  food-producing  animals  with  resi¬ 
dues  whose  consumption  would  pose  a 
human  risk  of  carcinogenesis,  the  peti¬ 
tioner  win  be  required  to  undertake  the 
following  slx-st^  inx>cedure  for  data 
coUectlim  and  evaluatkm. 

(a)  A  metabolic  study  in  the  target 
animals  designed  to  identify  edible  tissue 
residues  of  carcinogenic  concern. 
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(b)  A  metabolic  study  of  tlie  sponsored 
compound  in  experimental  animals  de¬ 
signed  to  aid  in  assessing  the  carcino¬ 
genicity  of  residues  that  can  not  practi¬ 
cably  be  tested  Individually  (so-called 
“intractable  residue”) . 

(c)  Chronic  toxicity  testing  to  assess 
the  carcinogenic  potential  of  residues  of 
the  sponsored  compound  and  to  furnish 
data  suitable  for  statistical  treatment  to 
permit  the  no-residue  requirement  of  the 
act  to  be  drfined  and  implemented. 

(d)  A  detailed  metabolic  study  of  the 
sponsored  compound  in  target  animals 
designed  to  identify  a  residue  and  tissue 
that  can  serve  as  indicators  (“marker 
residue”  and  “target  tissue”)  to  deter¬ 
mine  whether  the  no-residue  require¬ 
ment  of  the  act  is  satisfied. 

(e)  Development  of  a  regulator^'  assay 
to  measure  the  marker  residue  in  the  tar¬ 
get  tissue  at  and  above  the  level  estab¬ 
lished  in  step  (d) . 

(f)  Establishment  of  the  premarket¬ 
ing  withdrawal  period  required  for  the 
safe  use  of  the  sponsored  compound. 

Because  the  partial  provisos  to  the 
anticancer  clauses  of  the  act,  sections 
409(c)(3)(A),  512(d)(1)(H),  and  706 

(b)(5)(B),  although  varying  slightly  in 
their  language,  have  a  similar  intent,  the 
Commissioner  has  concluded  that  the 
criteria  for  their  implementation  should 
also  be  identical.  To  avoid  needless  rep¬ 
etition,  however,  where  appropriate  the 
Commissioner  has  used  the  language  of 
section  512  of  the  act  in  discussing  spe¬ 
cific  generic  issues  because  the  primary 
impact  of  these  regulations  will  be  on  new 
animal  drugs  regulated  under  that  sec¬ 
tion.  The  criteria  set  forth  in  these  regu¬ 
lations  shall,  however,  apply  to  all  chemi¬ 
cals  intended  for  use  in  food-producing 
animals,  and  the  appropriate  regulations 
will  be  amended  to  adopt  these  criteria 
by  reference. 

Since  Issuing  the  proposal  under  §  135.- 
38  (21  CPR  135.38),  FDA  has  recodified 
all  regulations  aw>Ueable  to  animal  prod¬ 
ucts  in  Subchaptw  E  of  Title  21  of  the 
Code  of  Federal  Regulations  to  provide 
space  for  the  orderly  development  of  fu- 
t\ire  regiilations  and  to  provide  the  pub¬ 
lic  and  other  affected  parties  with  regu¬ 
lations  that  are  easy  to  find,  read,  and 
understand.  For  these  reasons,  the  final 
order  has  subdivided  the  proposal  into  10 
individual  regulations  and  established  a 
new  subpart  in  Part  500,  Subpart  E — 
Criteria  and  Procedures  for  Evaluating 
Assays  for  Carcinogenic  Residues  in 
Edible  Products  of  Animals. 

n.  Threshold  Assessment 

In  the  1973  notice  of  proposed  rule- 
making,  the  Commissioner  proix)sed  that 
carcinogenicity  testing  not  be  required 
for  every  sponsored  compoimd.  Rather, 
he  concluded  that  the  necessity  for  such 
testing  will  be  dictated  by  an  evalua¬ 
tion  of  the  existing  evidence  from  meta¬ 
bolic  studies,  standard  toxicity  testing, 
structural  relationships  of  the  sponsored 
compound  and/or  its  metabolites  to 
known  carcinogens,  modes  of-  physiologi¬ 
cal  actions  and  Interactions,  and  the  in¬ 
tended  method  of  use  of  the  sponsored 
compound. 


CcHxunents  of  two  types  were  received 
on  this  feature  of  the  prc^x)6aL  The  first 
suggested  that  extensive  studies  should 
be  conducted  for  every  sponsored  com¬ 
pound  to  determine  whether  it  is  a  car¬ 
cinogen.  One  comment  insisted  that  ex¬ 
tensive  carcinogenesis  testing  for  every 
sponsored  compound  is  the  only  accurate 
indicator  of  carcinogenic  potential.  Sev¬ 
eral  contended  that  the  criteria  proposed 
for  use  in  the  threshold  determination 
were  too  vague,  and  objected  to  the  lack 
of  explanation  of  how  such  criteria  could 
be  applied  in  practice. 

Many  other  comments  agreed  with  the 
Commissioner’s  proposal  that  extensive 
carcinogenicity  testing  should  not  be  re¬ 
quired  for  every  sponsored  compound. 
These  comments  recommended  that  the 
Commissioner  review  all  available  data 
pertaining  to  a  sponsored  compound  be¬ 
fore  he  concludes  that  the  stepwise  test¬ 
ing  procedure  set  forth  in  the  proposal 
and  adopted  in  this  regulation  should 
be  invoked. 

When  a  petitioner  initiates  the  process 
of  gaining  approval  for  use  of  a  com¬ 
pound,  information  is  provided  to  the 
agency  on  matters  such  as  compound 
efiBcacy  and  its  proposed  patterns  of  use. 
Often  a  petitioner  will  also  provide  pre¬ 
liminary  physiological,  metabolic,  or 
toxicological  data  derived  from  its  own 
studies  or  from  the  scientific  literature. 
At  this  juncture,  the  Commissioner  be- 
.  lieves  it  necessary  that  a  threshold  as¬ 
sessment  be  made,  based  on  the  avail¬ 
able  data,  on  the  need  to  proceed  to  the 
first  of  the  six  steps  of  data  collection 
required  by  these  regulations.  Because 
entry  into  the  six  steps  of  data  collection 
requires  that  a  petitioner  undertake  a 
series  of  very  complex  and  costly  ex¬ 
perimental  studies,  imposing  demands 
on  the  limited  national  resources  avail¬ 
able  for  determining  the  safety  of  chem¬ 
icals  entering  the  environment,  the  Com¬ 
missioner  concludes  that  it  is  not  reason¬ 
able  to  demand  such  studies  on  a  spon¬ 
sored  compound  if  the  preliminary  data 
available  justified  the  judgment  that 
public  health  can  be  protected  without 
so  proceeding. 

Criteria  for  this  threshold  assessment 
cannot  be  elaborated  in  detail.  The  Com¬ 
missioner  must  examine  the  available 
preliminary  data,  which  may  vary  con¬ 
siderably  in  quality  and  content  from 
one  compound  to  the  next,  on  a  case-by¬ 
case  basis  and  determine  whether  a 
sponsored  compound  has  the  potential 
to  contaminate  edible  tissues  with  resi¬ 
dues  of  carcinogenic  concern.  However, 
certain  general  characteristics  of  the 
compoimd  shall  always  be  considered  in 
making  the  threshold  assessment: 

(1)  Is  the  compound  a  knowm  carcin¬ 
ogen  or  is  it  related,  in  a  chemical  or 
biological  sense,  to  other  known  carcin¬ 
ogens? 

(2)  Is  there  an  indication  in  prelimi¬ 
nary  toxicity  studies  that  the  sponsored 
compound  may  be  carcinogenic? 

(3)  Does  preliminary  Information  on 
the  fate  of  the  compound  In  target  ani¬ 
mals  Indicate  that,  in  c<Mnbinatkm  with 
Informattcm  on  the  proposed  pattern  of 
use,  there  is  a  high  or  low  probability 


that  residues  can  occur  in  edible  tissues 
when  such  tissues  become  available  as 
food? 

In  making  a  threshold  assessment,  the 
Commissioner  may  or  may  not  have  an¬ 
swers  to  these  questions  and,  in  some 
instances,  may  not  need  answers  to  all 
of  them  to  make  a  decision.  It  wdll  some¬ 
times  be  obvious  that  the  first  step  of 
the  six-step  process  will  have  to  be  un¬ 
dertaken.  In  other  cases,  it  wfill  be  equally 
clear  that  no  such  inquiry  need  be  begun, 
and  the  compound  can  be  evaluated 
under  the  general  food  safety  provisions 
of  the  act.  Finally,  in  some  cases,  avail¬ 
able  information  will  be  so  incomplete 
or  ambiguous  that  a  decision  will  be 
made  to  move  to  the  first  step  to  assure 
protection  of  public  health.  As  will  be 
shown  later,  it  is  possible  that  informa¬ 
tion  developed  in  later  steps  may  sup¬ 
port  or  require  revision  of  the  threshold 
assessment  that  a  c<xnpound  had  the 
potential  to  contaminate  tissues  with 
residues  of  carcinogenic  concern,  in 
which  case  the  remaining  steps  of  these 
regulations  will  not  be  required  and  eval¬ 
uation  w'ill  proceed  under  the  general 
food  safety  sections  of  the  act. 

The  following  examples  Illustrate  how 
a  threshold  assessment  can  be  made: 

Case  I. — A  drug  is  proposed  for  use  in 
day-old  chickens.  Preliminary  Informa¬ 
tion  indicates  that: 

(a)  Neither  chemical  structure  nor 
preliminary  (short-term)  toxicity  test¬ 
ing  raise  a  suspicion  that  the  drug  is  a 
carcinogen. 

(b)  The  drug  is  proposed  for  therapeu¬ 
tic  use  only  in  a  single  administration 
to  day-old  birds. 

(c)  The  disease  to  be  treated  occurs  in¬ 
frequently. 

(d)  Preliminary  metabolic  data  indi¬ 
cate  acciunulation  of  residues  in  kidney 
and  no  detectable  residues  in  muscle. 

(e)  Residues  deplete  rapidly  and  none 
are  detected  many  weeks  before  the 
chickens  reach  marketing  weight. 

If  presented  with  the  foregoing  infor¬ 
mation,  the  Commissioner  would  see  no 
justification  for  demanding  that  the  pe¬ 
titioner  proceed  to  the  first  step  of  these 
regulations  which  governs  compounds 
having  the  potential  to  contaminate  edi¬ 
ble  tissues  with  residues  of  carcinogenic 
concern.  However,  if  the  preliminary 
metabolic  study  in  the  example  had  been 
conducted  with  an  assay  having  a  low¬ 
est  limit  of  reliable  measurement  of  res¬ 
idues  substantially  higher  than  current 
technology  can  attain,  the  Commissioner 
would  conclude  that  the  available  data 
were  insufficient  to  justify  a  favorable 
threshold  assessment  about  the  sponsored 
compound,  and  the  petitioner  would  be 
required  to  proceed  to  the  first  step  of 
these  regulations.  It  is  precisely  because 
of  such  contingencies  that  the  Commis¬ 
sioner  concludes  that  no  more  specific 
criteria  for  threshold  assessment  should 
be  established  by  regulation. 

Case  n. — ^A  drug  having  growth  pro¬ 
moting  properties  Is  proposed  for  use  in 
cattle.  The  preliminary  information 
indicates  that: 

(a)  The  observed  physiological  activity 
of  the  drug  in  cattle  indicates  that  it  is 
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in  a  class  of  other  known  carcinogens 
whose  carcinogenic  properties  ap>peaT  to 
be  related  to  this  partlciilar  physiological 
activity  (i.e.,  the  drug  is  a  suspect  car¬ 
cinogen)  . 

(b)  The  drug  is  used  during  a  large 
fraction  of  the  lifetime  of  the  animal. 

(c)  The  drug  is  likely  to  be  widely  used 
in  animal  husbandry. 

(d)  Preliminary  metabolic  data  show 
that  residues  of  the  drug  accumulate  in 
muscle  tissue  (meat)  and  deplete  very 
slowly.  On  the  basis  of  such  informa¬ 
tion,  it  is  obvious  that  the  Commissioner 
would  have  to  require  the  petitioner  to 
proceed  to  the  first  step  of  the  required 
six-step  process. 

in.  Metabolic  Study  in  Target  Animals 

To  Identify  Residues  of  Concern 

A.  NEED  TO  IDENTIFY  RESIDUES  IN  EDIBLE 
TISSUE 

Before  any  decision  can  be  made  con¬ 
cerning  conditions  of  safe  use  of  a  spon¬ 
sored  compound,  it  is  necessary  to  obtain 
information  on  the  residues  that  occur 
in  edible  tissues  when  tiie  compound  is 
administered  to  the  animals  for  which 
it  is  intended  (target  animals) .  Without 
such  information,  rational  decisions 
about  the  human  safety  of  edible  tissues 
derived  from  treated  animals  are  not 
possible. 

A  compound  administered  to  an  ani¬ 
mal  can  be  acted  upon  by  the  enzymatic 
systems  or  physiological  fluids  of  the 
animal  and  new  compounds  (metabo¬ 
lites  and  degradation  products  of  the 
sponsored  compound)  are  produced  in 
the  process.  Therefore,  the  sponsored 
compound  is  not  the  only  tissue  residue 
of  concern.  And  sections  512(b)  (7)  and 
512(d)(2)  of  the  act  explicitly  require 
the  Commissioner  to  consider  the  safety 
of  any  substance  formed  in  or  on  food 
by  a  sponsored  compound  before  approv¬ 
ing  its  use. 

Numerous  comments  were  received  on 
the  proposal’s  requirement  for  metabolic 
studies.  Several  comments  stated  that 
there  should  be  no  attention  paid  to 
metabolites.  Others  contended  that 
metabolism  studies  should  not  be  rou¬ 
tinely  required,  on  the  ground  that  the 
pathway  of  excretion  is  of  no  toxicolog¬ 
ical  Importance  if  all  of  the  adminis¬ 
tered  ccHnpoimd  has  been  eliminated 
frcxn  the  tissues  of  the  target  animal. 
Most  comments  recmnmended  that  a 
metabolism  study  should  only  be  required 
to  determine  the  major  metabolites  in 
the  edible  tissue  of  ts^et  animals,  sug¬ 
gesting  that  the  public  health  would  not 
be  served  if  petitioners  are  required  to 
pursue  endless  structural  elucidations 
and  quantitations  of  all  metabolites  even 
though  s(xne  of  them  might  constitute 
minor  fractions  of  the  residue  of  the 
sponsored  compound.  Comments  also 
contended  that  it  may  not  be  experi¬ 
mentally  possible  to  administer  to  ani¬ 
mals  sufficient  quantities  of  a  cranpoimd 
to  obtain  amounts  oi  residues  sufficient 
for  structural  Identification.  Several 
comments  asserted  the  studies  should  be 
limited  to  Identification  of  residues  in 
the  edible  tissues  of  target  animals  and 
that  generally  it  would  be  unnecessary 


to  have  such  information  on  metabolites 
in  inedible  tissues.  Further,  some  com¬ 
ments  stated  that  radiotracer  studies  can 
be  employed  to  determine  the  time  by 
which  the  sponsored  (xunpoimd  and  its 
metabolic  products  are  eliminated  (“out 
time”).  However,  other  comments  sug¬ 
gested  that  all  metabolites  should  be 
Identified  and  tested  for  toxicity. 

The  Commissioner  reiterates  that  the 
objective  of  requirffig  metabolic  studies 
is  to  assure  collection  of  sufficient  scien¬ 
tific  information  on  residues  to  permit  a 
food  safety  evaluation  which  in  turn  can 
be  used  to  establish  parameters  for  reg¬ 
ulatory  assays.  Therefore,  he  has  con¬ 
cluded  that  the  following  metabolic 
studies  are  nece.ssary  to  permit  a  deter¬ 
mination  of  whether  the  proposed  use  of 
a  sponsored  compound  is  safe. 

B.  CONDUCT  OF  METABOLIC  STUDY 

1.  Test  animals.  The  metabolic  fate 
of  an  administered  compound  in  an  ani¬ 
mal  may  be  unique  for  each  livestock 
production  class.  Therefore,  the  Com¬ 
missioner  concludes  that  a  metabolic 
study  in  the  animals  for  which  a  spon¬ 
sored  compound  is  intended  (target  ani¬ 
mals)  is  necessary.  If  the  petitioner  can 
demonstrate  that  the  data  from  the 
metabolic  study  obtained  for  one  pro¬ 
duction  class  are  applicable  to  a  second, 
the  Commissioner  may  modify  the  ex¬ 
tent  of  investigation  required  for  the 
latter. 

2.  Required  technology.  Because  the 
metabolic  fate  of  a  compound  adminis¬ 
tered  to  food-producing  animals  plays  a 
pivotal  role  in  decisions  regarding  the 
need  for  an  extent  of  carcinogenesis  test¬ 
ing  required  to  assure  public  health  and 
safety,  it  is  mandatory  that  such  fate 
be  adequately  determined,  i.e.,  it  must 
be  demonstrated  that  residues  of  po¬ 
tential  carcinogenic  significance  have 
been  detected  at  levels  obtainable  by  the 
best  analytical  technology  available. 
Therefore,  the  Commissioner  concludes 
that  the  required  metabolic  studies  shall 
be  conduct^  with  the  best  anals^tical 
methods  technology  can  provide. 

As  will  be  seen  in  part  VI  of  this  pre¬ 
amble,  it  is  necessary  to  select  one  resi¬ 
due  that  can  serve  as  a  practical  indica¬ 
tor  to  assure  that  the  no-residue  require¬ 
ment  of  the  act  is  met.  Such  a  residue 
can  only  be  selected  by  reference  to  a 
metabolic  study  in  which  residues  are 
detected  and  measured  at  levels  dictated 
by  the  outcrane  of  actual  carcinogenicity 
testing.  Because  these  levels  cannot  be 
known  at  the  outset  of  this  phase  of  the 
metabolic  study  in  target  animals  and 
because  the  “best  available  technology” 
may  not  be  adequate  to  measure  the 
levels  dictated  by  the  outcome  of  car¬ 
cinogenicity  testing,  it  may  be  necessary 
to  develop  Improved  technology  and  to 
rep^t  the  metabolic  study  in  target  ani¬ 
mals,  after  carcinc^enlcity  testing  has 
been  completed.  Another  requirement  of 
the  second  metabolic  study  will  be  the 
development  enough  data  to  construct 
tissue  ccmcentration-tlme  profiles  tex 
some  residues. 

S.  Analytical  techniques.  For  the  fore¬ 
seeable  future,  the  general  technique  of 


choice  for  metabolic  studies  will  be  the 
use  of  radiotracers.  The  regulations, 
therefore,  recommend  that  the  required 
metabolic  studies  be  conducted  with 
radiolabeled  compounds  of  the  highest 
specific  activity  that  is  available  and  is 
consistent  with  principles  that  assure 
scientific  quality.  These  principles  con¬ 
cern  the  types,  the  chemical  nature,  the 
chemical  and  metabolic  stability,  and  the 
suitability  of  radiolabels  for  metabolic 
studies  having  specific  objectives.  They 
have  been  developed  from  past  metabolic 
studies  with  radiotracers  and  should  be 
followed  to  assure  the  scientific  quality 
of  the  required  metabolic  studies. 

The  task  of  experimental  residue  de¬ 
tection  can  often  be  made  easier  by 
available  information  on  the  metabolism 
of  related  compounds.  It  is  recommended 
that  metabolically  feasible  pathways 
applicable  to  the  sponsored  compound  be 
proposed  based  on  relevant  literature 
references  about  compounds  of  similar 
stnicture.  This  information  can  usually 
simphfy  the  choice  of  radiolabel  posi¬ 
tions  which  will  assure  that  all  residues 
containing  structural  moieties  of  poten¬ 
tial  toxicological  concern  can  be  de¬ 
tected.  However,  such  projections  of 
likely  metabolism  can  never  be  a  sub¬ 
stitute  for  experimental  observation  of 
the  metabolic  fate  of  the  sponsored  com¬ 
pound. 

Although  the  use  of  radiotracers  is  the 
preferred  experimental  procedure,  some 
compoimds  possess  Inherent  physico¬ 
chemical  characteristics  (e.g.,  strong 
fluorescence  associated  with  the  struc¬ 
tural  moiety  of  potential  toxicological 
significance)  that  will  allow  the  neces¬ 
sary  detection  of  residues.  In  such  cases, 
the  use  of  radiolabels  may  not  be  re¬ 
quired. 

4.  Dose  regimen.  The  dosing  regimen 
for  the  metabolic  study  in  the  target  ani¬ 
mals  shall  be  consistent  witti  the  maxi¬ 
mum  proposed  use  levd  and  duration  of 
exposure  to  the  sponsored  compound. 
For  cOTipounds  administered  continu¬ 
ously  over  Icmg  period  of  time,  admin¬ 
istration  for  the  metalKiUc  study  need 
continue  only  until  equilibration  or  satu¬ 
ration  of  edible  tissues  has  been  demon¬ 
strated. 

The  metabolic  fate  of  a  compound  ad¬ 
ministered  to  target  animals  is  likely  to 
depend  on  the  conditions  (level,  method, 
and  duration)  of  use.  Because  the  pur¬ 
pose  of  the  required  metabolic  studies  is 
to  characterize  and  quantitate  residues 
under  conditions  of  proposed  use,  these 
conditions  shall  be  followed  in  the  meta¬ 
bolic  studies.  However,  it  is  possible  that 
under  such  conditions  certain  residues 
are  produced  in  amounts  that  do  not 
allow  extensive  chemical  characteriza¬ 
tion.  If  the  structure  of  any  such  residues 
must  be  determined,  and  residues  can  be 
produced  in  suffici^it  amounts  by  ad¬ 
ministering  to  target  animals  larger  doses 
of  the  ^xmsored  cmnpound,  the  peti¬ 
tioner  will  be  allowed  to  follow  this  pro¬ 
cedure.  In  some  instances,  chemical  syn¬ 
thesis  of  residues  may  be  more  feasible, 
especially  if  they  are  needed  for  chronic 
toxicity  testing. 

5.  Required  data.  Since  the  relative 
persistence  of  residues  in  edible  tissues  is 
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one  consideration  in  selecting  specific 
residues  for  toxicity  testing,  the  regula¬ 
tions  require  that  the  total  number  and 
the  relative  quantities  of  residues  shall  be 
determined  immediately  following  cessa¬ 
tion  of  treatment,  as  well  as  some  later 
time.  The  Commissioner  has  concluded 
that  the  identification  process  shall  ordi¬ 
narily  continue  until  the  total  residue 
burden  in  the  edible  tissues  of  the  target 
animals  has  depleted  through  at  least 
three  half-lives.  After  such  time,  it  is  un¬ 
likely  that  new  residues  previously  un¬ 
detected  will  appear  to  alter  the  residue 
picture. 

The  need  for  and  extent  of  chemical 
characterization  of  residues  dei>end  on  a 
number  of  factors.  Ordinarily,  com¬ 
pounds  that  constitute  a  significant  frac¬ 
tion  of  the  total  re»due  require  sufficient 
physical  and  chemical  characterization 
to  ascertain  whether  or  not  a  structural 
change  has  taken  place  which  could  in¬ 
crease  the  carcinogenic  potency  of  the 
residue  over  that  expect^  of  the  spon¬ 
sored  compound.  In  some  instances.  It 
may  be  Inuxjssible  to  judge  whether  the 
residue  has  carcinogenic  potential,  but 
significant  structural  alt^ation  alone 
may  be  «iou^  to  signal  the  need  for 
further  characterization.  Since  such 
structmal  changes  are  not  tmcommon 
during  metabolism  and  since  It  is  the 
tissue  residues  to  which  human  beings 
will  be  potentially  exposed,  such  charac¬ 
terization  will  normally  be  required. 
When  the  agency  determines  a  compo¬ 
nent  of  the  residue  requires  chronic 
toxicity  testing  (because  of  tissue  concen¬ 
tration  and  persistence  and/or  expecta¬ 
tion  of  Increased  carcinogenic  potential) , 
chemical  characterization  will  ordinarily 
have  to  be  complete  and  an  effort  to  ob¬ 
tain  sufficient  quantities  of  the  resldue(s) 
for  toxicity  testing  will  be  necessary. 
(See,  however,  paragraph  m.C.,  below 
in  this  preamble.) 

In  some  Instances,  a  petitioner  may  be 
required  to  pursue  the  complete  char¬ 
acterization  of  certain  relatively  minor 
metabolites  if  partial  F^yslochemical 
characterization  indicates  that  a  struc¬ 
tural  change  during  metabolism  in  the 
target  animal  has  introduced  molecular 
moieties  of  carcinogenic  potential  greater 
than  that  expected  of  the  sponsored  eom- 
poimd.  e.g.,  nltrosation  of  an  amine  of 
unknown  carcinogenic  potential  to  prod¬ 
uct  nltrosamines  of  known  carcinogenic 
potential. 

Because  imcharacterized  tissue  resi¬ 
dues  pose  a  risk  to  public  health,  the 
regulation  requires  that  the  procedures 
for  separation,  purification,  and  charac¬ 
terization  be  consistent  with  the  best 
available  scientific  and  technological  ca¬ 
pabilities.  Ordinarily,  the  agency  will  re¬ 
quire  attempts  at  characterization  to 
Include  use  of  a  variety  of  procediues 
based  on.  the  various  forms  of 
chromatography,  spectroscopy,  and 
spectrometry. 

6.  Format  for  data  submission.  The 
Oommlssioner  has  concluded  that  the 
format  for  presenting  results  ot  meta¬ 
bolic  studies  should  be  standardized  to 
minimize  possibility  for  mlstnterxu^tatkm 
of  data.  Because  these  studies  wffl  pro- 
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vide  the  basis  for  major  public  health 
decisions,  the  Commissioner  considers  it 
essential  that  they  be  carried  out  and 
reported  In  a  manner  consistent  with  the 
best  available  criteria.  The  two  profes¬ 
sional  societies  listed  in  the  regulations 
(American  (Iffiemical  Society  and  Ameri¬ 
can  Society  of  Biological  Chemists)  fol¬ 
low  policies  for  acceptance  of  manu¬ 
scripts  that  embody  the  best  available 
criteria  for  collecting,  interpreting,  and 
reporting  scientific  data  of  the  type  re¬ 
quired  by  this  regulation. 

C.  COMPARATIVE  METABOLISM  STUDY  TO  AID 

IN  ASSESSING  CARCINOGENICITY  OF  IN¬ 
TRACTABLE  RESIDUES 

1.  Sponsored  compound  always  tested: 
Rationale  and  procedure.  When  it  is  de¬ 
termined  that  a  sponsored  compoimd  has 
the  potential  to  contaminate  edible  tis¬ 
sues  with  residues  whose  consiunptlon 
may  pose  a  human  risk  of  carcinogenesis, 
the  sponsored  compound  Itself  shall  al¬ 
ways  be  tested  for  carcinogenesis.  Resi¬ 
dues  are  selected  for  testing  according  to 
those  criteria  already  discussed  in  para¬ 
graph  in.B.,  but  there  are  overriding  rea¬ 
sons  for  testing  the  sponsored  (xxnpound, 
even  if  it  is  not  detected  as  a  residue. 
Metabolic  transformation  or  nonenzy- 
matic  degradation  of  a  sponsored  com¬ 
pound  can  lead  to  a  number  of  tissue 
residues  whldi  cannot  be  obtained  (either 
by  isolation  or  synthesis)  in  sufficient 
amounts  for  carcinogenicity  testing  (such 
residues  are  herein  and  in  the  regula¬ 
tion  referred  to  as  “intractable  resi¬ 
dues”)  .  Testing  the  sponsored  compound 
itself  therefore  provides  one  experimen¬ 
tal  means  for  acquiring  data  on  the  car¬ 
cinogenic  potent!^  of  such  residues. 

Although  the  dominant  criterion  f<^ 
selecting  test  animal  Q>ecies  or  strains  for 
chronic  toxicity  testing  will  be  the  degree 
to  which  a  species  or  strain  models  man, 
the  application  of  a  secondary  criterion 
for  selection  can  provide  a  means 
addressing  the  problon  of  intractable 
residues.  Specifically,  selection  of  test 
animals  can  also  be  based  on  compara¬ 
tive  metabolism  data  (target  animal  and 
test  animal)  which  can  be  used  to  de¬ 
termine  the  extent  to  which  particular 
species  or  strains,  by  virtue  of  the  way 
they  metaboljpally  convert  the  sponsored 
compoimd,  will  exposed  during  test¬ 
ing  to  the  same  complement  of  residues 
expected  in  tissues  derived  from  target, 
animals. 

For  example,  if  a  metabolite  detected 
as  a  residue  in  edible  tissues  of  the  target 
animal  is  determined  to  be  toxicologl- 
cally  important,  the  petitioner  will  be 
asked  to  pursue  isolation  or  ssmthesis  of 
the  compound  for  toxicity  testing  pur¬ 
poses.  If  all  attempts  at  this  fail,  then 
the  comparative  metabolism  approach  is 
available  if  a  potential  test  animal  spe¬ 
cies  is  shown  to  produce  the  same  metab¬ 
olite  when  it  is  administered  the  spon¬ 
sored  compound.  In  this  way,  there  is 
some  degree  of  assurance  that  the  toxic¬ 
ity  test  of  the  sponsored  compoimd  also 
provides  some  estimate  of  the  toxicity  of 
the  intractable  metabolite.  Because  hu¬ 
man  food  could  be  cmitamlnated  with 
the  intractable  metabolite,  such  a  test 
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provides  a  practical  approach  to  a  com¬ 
plex  and  important  issue. 

This  construct  has  been  Included  in 
the  final  regulations  in  response  to  com¬ 
ments  that  either  suggested  that  all 
metabolites  ought  to  be  ignored  (which 
the  Commissioner  concludes  is  neither 
legally  nor  scientifically  acceptable)  or 
that  all  metabolites  must  be  isolated  and 
independently  tested  (which  is  not  tech¬ 
nologically  possible) . 

2.  Selection  of  residues  for  chronic 
toxicity  testing.  On  the  basis  of  all  of 
the  studies  described  above,  the  Commis¬ 
sioner  will  select  those  residues,  in  addi¬ 
tion  to  the  sponsored  compound,  tliat  re¬ 
quire  chronic  toxicity  testing. 

IV.  Chronic  Toxicity  Testing 

The  sponsored  compound  and  any 
residues  selected  for  testing  shall  be  sub¬ 
jected  to  oral,  lifetime,  dose-response 
studies  in  two  of  the  test  animal  species/ 
strains  selected  in  accordance  with  the 
criteria  described  in  the  foregoing  para¬ 
graphs.  The  purpose  of  these  studies  is 
to  determine  if  the  compounds  under  test 
are  carcinogenic  and.  if  so,  to  establish 
the  lowest  limit  of  reliable  measurement 
that  must  be  achieved  by  any  regulator>- 
assay  for  mimitoring  residues  resulting 
from  use  of  the  sponsored  compound. 

Several  comments  on  this  feature  of 
the  proposal  dealt  with  the  testing  of 
chemical  compounds  for  carcinogenic 
potentisd,  and  addressed  two  major  is¬ 
sues:  (1)  The  design  of  chronic  studies, 
and  (11)  the  relevance  of  animal  testing 
In  evaluating  human  safety. 

The  Commissioner  appreciates  the  in¬ 
herent  complexity  of  these  issues.  He 
further  recognizes  that  they  are  common 
to  many  areas  of  food  safety,  as  well  as 
envirimmental  safety,  and  must  be  dealt 
with  In  an  integrated  manner  in  forth - 
ciMning  regulations  on  general  food 
safety.  However,  he  believes  some  discus¬ 
sion  of  these  issues  must  be  included  in 
this  preamble  as  they  relate  to  the  con¬ 
text  of  this  regulation. 

A.  DESIGN  or  carcinogenicity  STUDIES 

Comments  on  the  proposal  expressed  a 
variety  of  contrasting  opinions  regarding 
the  design  features  of  carcinogenicity 
studies  with  experimental  animals.  The 
comments  specifically  addressed:  (i)  se¬ 
lection  of  appropriate  test  animals;  (ii) 
conditions,  levels,  and  duration  of  expo¬ 
sure;  and  (iii)  statistical  design  as  it  re¬ 
lates  to  number  of  animals  in  bioassay, 
distribution  of  animals  to  the  various 
levels  of  exposure;  and  adequacy  of  con¬ 
trols. 

The  Commissioner  recognizes  that  the 
impact  of  these  design  features  on  the 
meaning  of  animal  carcinogenesis  data 
is  an  important  and  controversial  matter 
that  is  currently  the  subject  of  Intense 
scientific  investigation.  The  major  effort 
at  PTDA’s  National  Center  for  Toxicologi¬ 
cal  Research  is  specifically  directed  to¬ 
wards  development  of  relevant  protocols 
and  experimental  designs  for  carcino¬ 
genicity  testing.  Until  these  efforts  arc 
concluded  and  the  results  incorporated 
into  regulations,  the  Commissioner  rec¬ 
ommends  that  guidance  be  found  in  the 
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report  of  the  Food  and  Drug  Advisor/ 
Committee  on  Protocols  for  Safety  Eval¬ 
uation;  Panel  on  Carcinogenesis,  R^x>rt 
on  Cancer  Testing  in  the  Safety  Evalua¬ 
tion  of  Food  Additives  and  Pesticides 
(“Toxicolt^  and  Applied  Pharmacol¬ 
ogy,”  20:419-438,  1971).  This  report  re¬ 
views  and  analyzes  all  facets  of  experi¬ 
mental  design  that  have  been  developed 
and  scrutinized  by  competent  scientists 
prior  to  1971.  To  facilitate  incorporation 
of  later  developments  in  testing  stand¬ 
ards  as  they  have  and  will  evolve,  the 
regtilations  suggest  that  petitioners  sub¬ 
mit  developed  protocols  to  the  Commis¬ 
sioner  for  review  and  updating  prior  to 
initiating  studies. 

B.  RELEVANCE  OF  ANIMAL  TESTING  IN 

EVALUATING  POTENTIAL  FOR  HUMAN 
CARCINOGENESIS 

Several  comments  on  this  aspect  of  the 
proposed  regulation  dealt  with  the  merits 
of  animal  testing  as  an  experimental 
tool.  Some  comments  pointed  out  that 
even  animal  testing  done  imder  the  best 
experimental  protocols  can  never  prove 
conclusively  that  a  compound  is  not  car¬ 
cinogenic,  and  that  under  such  circum¬ 
stances,  some  weak  carcinogens  are  likely 
to  escape  identification.  Other  comments 
expressed  the  contrasting  view  that  ade¬ 
quate  protocols  can  be  devised.  Still 
others  questioned  the  propriety  of  draw¬ 
ing  conclusions  about  human  carcino¬ 
genesis  from  data  collected  with  experi¬ 
mental  animals. 

The  act  requires  that  in  assessing  the 
safety  of  animal  drugs,  the  carcinogenic 
potential  of  residues  shall  be  evaluated. 
Ordinarily,  such  evaluation  must  be 
based  on  appr(H>riate  testing.  Given  the 
gravity  of  the  decisions  that  depend  on 
the  results  of  such  evaluations,  the  best 
relevant  scientific  information  must  be 
developed  and  assembled.  As  a  source  of 
Information,  direct  carcinc^enesis  test¬ 
ing  of  chemical  compounds  in  man  is  and 
must  remain  beyond  the  ethical  bounds 
placed  by  society  on  human  experimen¬ 
tation.  In  the  absence  of  this  source  of 
Information,  which  incidentally  would 
be  most  relevant,  alternate  sources  are 
hiunan  epidemiology  studies  and  animal 
experimentation.  Human  epidemiology 
may  provide  post  facto  information 
about  the  carcinogenic  effects  of  chemi¬ 
cal  compounds  on  man.  However,  while 
potentially  useful  in  assessing  the  sig¬ 
nificance  of  new  exposures  or  the  risk 
posed  by  related  compounds,  such  ex¬ 
perience  cannot  be  a  central  basis  for 
food  safety  evaluations  for  several  rea¬ 
sons,  Including  the  same  ethical  objec¬ 
tions  that  make  direct  experimentation 
In  man  unacceptable. 

The  Commissioner  therefore  concludes 
that  the  agency  must  continue  to  rely  on 
animal  testing  for  the  evaluation  of  the 
safety  for  humans  of  chemical  com¬ 
pounds  proposed  for  use  in  food-produc¬ 
ing  animals.  Moreover,  the  act  does  not 
distinguish  between  compoimds  demon¬ 
strated  to  be  carcinogenic  In  test  animals 
and  human  carcinogens.  Instead,  it  as¬ 
sumes  without  proof  that  an  animal  car¬ 
cinogen  may  be  carcinogenic  In  human 
beings.  In  this  context,  the  issue  of 


relevanoe  to  man  of  data  from  tests  In 
animate  must  be  refocused.  The  regula¬ 
tory  objective  must  be  to  avoid  falsely 
n^attve  determlnatlODS  of  the  carcino¬ 
genic  potential  of  compoimds  under  test 
In  experimental  animals  that  are  ap¬ 
propriate  models  for  man.  In  this  setting, 
the  only  tenable  regulatory  posture  for 
the  agency  is  to  select  bioassay  protocols 
which  utilize  test-animal  species/strains 
that  have  the  greatest  possible  suscep¬ 
tibility  to  the  test  compound  and  are  also 
appropriate  models  for  man.  Available 
toxicologic  and  metabolic  information 
shall  provide  a  basis  for  such  selection. 

C.  INTERPRETATION  OF  TEST  DATA — IS  THE 
COMPOUND  A  CARCINOGEN? 

The  objective  of  collecting  and  inter¬ 
preting  test  data  is  to  decide  whether  or 
not  the  compound  under  test  (the  sp<m- 
sored  compound  and  any  selected  metab¬ 
olites)  is  a  carcinogen.  Within  certain 
limits  of  confidence,  statistical  treatment 
of  chemical  carcinogenesis  data  can  pro¬ 
vide  objective  criteria  for  such  determi¬ 
nations.  To  the  question  “Is  the  tested 
cwnpound  a  test-animal  carcinogen?” 
statistics  can  provide  one  of  two  types  of 
answers : 

(i)  With  “x”  percent  confidence  (i.e., 
in  “i”  cases  out  of  100) .  “y”  dose  of  the 
test  compound  will  increase  the  carcino¬ 
genesis  risk  of  test-animals  over  controls 
by  no  more  than  “s”  and  no  less  than 
“t”;  or 

(U)  With  “x”  percent  confidence,  “y” 
dose  of  the  test  compound  will  increase 
carcinogenesis  risk  of  test  animals  over 
controls  by  no  more  than  “s.” 

Answers  of  the  first  type  are  possible 
only  when  the  observed  incidence  of  car¬ 
cinogenesis  in  the  test  animals  is  sig¬ 
nificantly  greater  than  that  in  the  con¬ 
trols.  When  the  observed  incidence  is  the 
same  for  test  and  control  animals,  only 
answers  of  the  second  type  are  possible. 

A  statistically  significant  increase  in 
the  incidence  of  carcinogenesis  in  test 
animals  (i.e.,  an  answer  of  the  first  type) 
is  sufficient  evidence  to  classify  the  test 
ccxnpound  as  a  test-animal  carcinogen. 
Because  the  act  does  not  distinguish  be¬ 
tween  human  and  animal  carcinogens, 
for  the  purpose  of  these  regulatiMis, 
classification  of  a  test  compound  as  a 
test-animal  carcinogen  brings  into  play 
the  requirements  of  the  anticancer 
clauses.  Revisions  of  such  classificaticm 
on  the  basis  of  phyllogenetic  considera¬ 
tions  can  have  no  bearing  on  the  appli¬ 
cable  legal  requirements. 

If  the  animal  test  data  will  permit  only 
answers  of  the  second  type,  the  decision 
whether  to  classify  the  test  compound  as 
a  test-animal  carcinogen  is  more  diffi¬ 
cult.  A  negative  test  finding,  as  pointed 
out  in  some  ccmiments,  can  mean  either 
that  the  test  compound  is  not  a  test- 
animal  carcini^en  at  the  tested  dose,  or 
that  the  bioassay  protocol  lacks  a  suffi¬ 
cient  number  of  animals,  or  animal  sus¬ 
ceptibility,  or  both,  to  discern  an  increase 
in  the  risk  of  carcinogenesis  in  the  test 
animals.  In  such  cases,  a  decision  must 
be  made  wheUier  to  classify  a  tested 
ciMnpound  as  a  noncarcinogen  to  re¬ 
quire  further  experimentation  api»‘(vri- 
ate  for  resolving  questions  of  safety. 


V.  Operational  Definition  of  the 
No-Resioue  Requirement 

A.  alternate  operational  definitions 

If  its  has  been  determined  that  a 
spmisored  compound,  when  administered 
to  food-producing  animals,  has  the  po¬ 
tential  to  contaminate  edible  tissue  with 
residues  whose  consumption  may  pose  a 
risk  of  hurMn  carcinograesis,  the  agency 
cannot  aimrove  the  spmisored  compound 
unless  it  can  be  demonstrated  that  con¬ 
ditions  of  use  can  be  established  that 
eisure  the  no-residue  requirement  of  the 
act  can  be  met.  To  establish  such  condi¬ 
tions  of  use  and  to  provide  a  means  for 
ascertaining  whether  these  conditicms 
are  met  in  actual  practice,  some  opera¬ 
tional  definition  of  the  term,  “no  resi¬ 
due,”  is  necessary.  Indeed,  the  act  con¬ 
templates  that  the  Commissioner  will 
provide  such  an  operational  definition, 
for  he  must  have  some  criteria  for  pre¬ 
scribing  or  approving  methods  of  exami- 
naticHi  for  measuring  residues. 

The  Commissioner  has  considered 
three  alternate  approaches  to  an  opera¬ 
tional  definition  of  the  phrase.  Under  one 
approach  the  term,  “no  residue,”  might 
be  operationally  defined  as  satisfied 
when  the  levels  of  residues  fall  below 
those  that  can  be  measured  by  available 
analytical  methodology  (attematlve  1). 
A  second  approach  would  be  to  estab¬ 
lish  some  low  finite  level  (e.g.,  one  i>art 
per  billion)  as  a  “practical  zero”  and  to 
require  assays  that  can  reliably  measure 
tills  “zero,”  insisting  on  the  development 
of  new  assays  if  available  assays  were 
not  adequate  (alternative  2) .  Finally,  “no 
residue”  might  be  operationally  defined 
on  the  basis  of  quantitative  carcinogen¬ 
icity  testing  of  residues  and  the  extrap¬ 
olation  of  test  data  using  one  of  a  num¬ 
ber  of  available  procedures  to  arrive  at 
levels  that  are  safe  in  the  total  diet  of 
test  animals  and  that  would,  if  tiiey  oc¬ 
curred,  be  considered  safe  In  the  total 
diet  of  man.  Under  this  approach,  the 
Commissioner  would  require  assays  that 
can  reliably  measure  that  safe  level  in 
edible  tissues  (alternative  3).  For  the 
reasons  discussed  in  section  VJB.  of  this 
preamble,  the  (Commissioner  has  con¬ 
cluded  that  alternative  3  should  be 
adopted.  The  results  of  the  carcinogenic¬ 
ity  testing  of  the  sponsored  compound 
and  any  selected  residues  shall  be  treated 
by  the  statistical  procedures  described  in 
this  part  V  and  prescribed  in  §  500.87  (21 
CFR  500.87). 

CHOICE  OF  AN  OPERATION.AL  DEFINITION 

1.  Alternative  one.  A  number  of  assays 
might  be  developed  to  measure  the  con¬ 
centration  of  a  chemical  compound  (i.e., 
residue)  in  an  edible  tissue,  but  for  each 
there  would  be  s(xne  levd  below  which 
the  compound  under  analysis  could  not 
be  measured.  (See  section  LB.  ol  this 
preamble) .  Generally,  different  assays  for 
the  same  chonical  compound  will  have 
different,  and  sometimes  vastly  difficult, 
lowest  limits  of  measurement.  Ihe  “no 
residue”  requirem^  of  the  act  could  be 
translated  Into  an  operational  definition 
that  is  based  solely  on  available  analyti¬ 
cal  methodology  and  specifically  on  tita 
lowest  limit  of  measurement  of  an  avafl- 
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able  assay.  Thus,  the  degree  of  public 
risk  associated  with  the  use  of  a  spon¬ 
sored  compound  would  become  a  func¬ 
tion  solely  of  the  capability  of  available 
analytical  technology. 

The  Commissioner  concludes  that  this 
approach  is  unsound  because  it  ignores 
all  quantitative  aspects  of  carcinogenic¬ 
ity  testing.  The  carcinogenic  potency  of 
different  chemicals  varies  widely:  fail¬ 
ure  to  consider  this  fact  in  developing 
criteria  for  the  evaluation  of  sponsored 
compounds  would  be  scientifically  un¬ 
sound.  It  could  produce  situations  in 
which  residues  of  extremely  potent  car¬ 
cinogens  were  not  measured  in  edible  tis¬ 
sues  at  levels  as  low  as  the  measurable 
levels  of  residues  of  relatively  weak  car¬ 
cinogens,  if  the  assay  available  to  meas¬ 
ure  the  former  happened  to  have  a  low¬ 
est  limit  of  measurement  that  was  higher 
than  that  of  the  assay  available  to  meas¬ 
ure  the  latter.  Accordingly,  failure  to 
consider  quantitative  carcinogenicity 
data  in  establishing  the  criterion  of  low¬ 
est  limit  of  measurement  that  an  assay 
must  meet  would  be  tantamount  to  ig¬ 
noring  public  health  protection  in  evalu¬ 
ating  the  use  of  sponsored  compounds. 

2.  Alternative  two.  A  second  approach 
the  Commissioner  has  considered  would 
be  to  establish  “practical  zero”  for  the 
residues  of  all  carcinogens.  This  approach 
would  have  one  advantage  over  alterna¬ 
tive  one;  it  w'ould  provide  a  well-defined 
criterion  for  the  lowest  limit  of  measure¬ 
ment  that  any  petitioner’s  assay  would 
have  to  satisfy.  This  approach  would  not, 
however,  take  into  account  differences 
in  carcinogenic  potency  among  various 
carcinogens  and  is  therefore  unaccepta¬ 
ble  for  the  same  reason  as  alternative 
one. 

Under  alternative  two  the  criterion  for 
lowest  limit  of  measurement  would  re¬ 
flect  consideration  of  what  lowest  level 
of  measurement  is  “practical,”  given  the 
state  of  the  art  of  analytical  chemistry 
or  biochemistry.  In  addition  to  failing  to 
link  the  no -residue  standard  to  any  con¬ 
sideration  of  carcinogenic  potency,  this 
approach  fails  on  the  ground  of  practi¬ 
cality.  TTie  science  and  technology  of 
analytical  chemistry  and  biochemistry 
are  continuously  changing,  and  a  lowest 
limit  of  measurement  which  might  be 
considered  reasonable  at  one  time  would 
have  to  be  discarded  as  unreasonable  at 
some  later  time.  Whenever  a  new  and 
lower  criterion  for  the  limit  of  measiire- 
ment  were  established,  it  would  be  in¬ 
cumbent  upon  the  Commissioner  to  then 
require  that  use  of  all  compounds  ap¬ 
proved  imder  the  prior  criterion  be  sus¬ 
pended  until  methods  were  developed  to 
measure  the  residues  at  this  lower  level. 
Such  a  situation,  in  the  Commissioner’s 
judgment,  would  be  both  unreasonable 
and  unmanageable. 

3.  Alternative  three.  A  third  approach 
to  defining  operationally  the  no-resldue 
requirement  is  to  establish  a  required 
lowest  limit  of  measurement  for  each 
sfKmsored  compound  on  the  basis  of 
data  derived  fnxn  carclnog^clty  test¬ 
ing  of  the  c(xnpound  and  selected  me¬ 
tabolites.  Uhder  this  approach  carcino¬ 
genic  potency  Is  glvra  specific  considera¬ 


tion  because  actual  chronic  toxicity  test 
data  are  used  to  determine  the  level  of 
residues  in  edible  tissue  that  an  assay 
must  be  capable  of  reliably  measuring. 
Thus,  it  permits  a  rational,  uniform  pro¬ 
cedure  for  establishing  the  required  low¬ 
est  limit  of  measurement  for  assays  and 
avoids  the  major  deficiencies  inherent  in 
alternatives  one  and  two. 

Should  new  information  relating  to 
the  carcinogenic  potency  of  residues  of 
a  sponsored  compound  later  appear,  this 
approach  provides  a  practical  basis  for 
determining  whether  a  new  assay  is  re¬ 
quired  to  establish  compliance  with  the 
no-residue  requirement.  But  only  under 
such  circumstances  will  it  be  necessary 
for  the  Commissioner  to  insist  that  the 
petitioner  develop  a  new  assay;  thus, 
this  approach  contributes  to  regulatory 
stability  and  predictability.  If  an  assay 
becomes  available  with  a  lowest  limit  of 
measurement  that  is  lower  than  the  level 
required  by  the  analysis  of  quantitative 
carcinogenicity  data,  the  Commissioner 
will  adopt  that  method  if  it  also  meets 
the  other  rigorous  criteria  described  in 
part  VIII  of  this  preamble  and  §  500.90 
(21  CPR  500.90>.  However,  for  com¬ 
pounds  that  have  been  approved  for  use 
on  the  basis  of  an  assay  that  satisfies  the 
requirements  of  the  regulation,  the  de¬ 
velopment  of  such  a  method  will  not  be 
required.  Thus,  following  this  approach, 
the  Commissioner  can  provide  the  maxi¬ 
mum  public  health  protection  based  on 
both  quantitative  carcinogenesis  data 
and  improved  analytical  technology.  For 
these  reasons,  the  Commissioner  con¬ 
cludes  that  alternative  three  is  the  most 
rational  approach  to  developing  an  c^- 
erational  definition  of  “no  residue.” 

By  adopting  this  approach  to  imple¬ 
menting  the  “no  residue”  standard,  the 
Commissioner  has  assumed  that:  (i)  The 
carcinogenic  potency  of  chemical  com¬ 
pounds  can  be  quantified,  and  (ii)  a  die¬ 
tary  level  of  a  carcinogen  can  be  identi¬ 
fied  at  which  no  significant  human  risk 
of  carcinogenesis  would  derive  from  con- 
siunption  of  fo(xi  containing  residues  be¬ 
low  this  level. 

The  carcinogenic  potency  of  com¬ 
pounds  can  be  determined  by  testing  in 
experimental  animals,  although  such  de¬ 
terminations  are  subject  to  known  limi¬ 
tations  inherent  in  every  measuring  de¬ 
vice  or  system.  The  second  assumption, 
that  potential  residue  levels  representing 
no  significant  human  risk  of  carcinogen¬ 
esis  can  be  assigned,  is  controversial,  but 
it  must  be  fully  confronted  and  resolved 
If  the  public  Is  to  be  protected  from  the 
potential  and  real  dangers  that  inhere 
in  the  interpretations  of  the  no-residue 
standard  of  the  act  outlined  as  alterna¬ 
tives  one  and  two. 

C.  ANALYSIS  or  ANIMAL  CARCINOGENESIS 

DATA  TO  DEFINE  OPERATIONALLY  THE  NO- 

RESIDUE  STANDARD  OF  THE  ACT 

1.  Introduction.  Hie  modified  extrap- 
olaticxi  procedure  of  Mantel  and  Bryan 
proposed  for  use  in  defining  the  no-resi¬ 
due  standard  for  a  sponsored  compound 
Is  a  statistical  technl^e  that  allows  esti¬ 
mation  of  the  level,  or  dose,  or  a  carcino¬ 
gen  that  would  lead  to  cancer  Incidence 


rates  in  test  animals  well  below  those 
rates  that  can  be  detected  in  practical 
experimentation.  In  normal  experiments 
in  which  test  animals  are  administered 
various  levels  (dosesi  of  a  suspected  ct^r- 
cinogen,  the  observed  respenses  (i.e..  the 
percent  of  test  animals  developing  cancer 
if  the  compeund  is  carcinogenic)  are 
usually  in  the  range  of  about  5  percent 
to  95  percent.  To  observe  respenses  at  in¬ 
cidence  rates  less  than  about  five  percent 
requires  large  numbers  of  test  anima's. 
As  will  be  seen,  experiments  designed  to 
observe  respjonses  in  the  range  of  inter¬ 
est  in  establishing  the  no-residue  stand¬ 
ard,  would  require  very  large  and  often 
impractical  pepulations  of  test  animals. 
Therefore,  the  procedure  of  Mantel  and 
Bryan,*  and  Mantel  et  al..’  as  modified, 
is  used  to  treat  statistically  the  dose-re¬ 
sponse  data  from  actual  experimentation 
and  to  estimate  the  dose  or  level  of  the 
compound  under  test  that  would  result  in 
lifetime  test-animal  cancer  rates  no 
higher  than  a  certain  preselected  rate. 

Before  discussing  the  many  comments 
received  on  this  feature  of  the  propxsal, 
the  Commissioner  reemphasizes  that 
some  opjerational  zero  must  be  defined 
if  the  no-residue  requirement  of  the  act 
is  to  be  implemented.  Regardless  of  the 
arguments  for  or  against  the  Mantel- 
Bryan  procedure,  the  Commissioner 
maintains  that  a  procedure  that  takes 
into  account  the  carcinogenic  potency  in 
test  animals  of  residues  (which  the  Man- 
tel-Bryan  procedures  does)  is  far  supe¬ 
rior  to  any  approach  that  fails  to  do  so. 

The  modified  Mantel-Bryan  procedure 
described  in  the  propxeal  was  labeled  ex¬ 
cessively  conservative  by  some  comments 
and  recklessly  liberal  by  others.  Those 
who  consider^  the  procedure  too  con¬ 
servative  objected  to  the  proposed  use  of 
a  series  of  conservative  assumptions 
(shallow-slopse,  dose-respxjnse  relations, 
low  acceptable  level  of  risk)  and  con¬ 
tended  that  any  one  of  these  assump¬ 
tions  al(me  could  provide  adequate 
protection  to  the  public.  Further, 
these  comments  argued  that  the  practi¬ 
cal  application  of  the  procedure  has  not 
been  demonstrated,  and  suggested  that  it 
would  prohibit  the  use  of  many  valuable 
comp)ounds.  Persons  who  considered  the 
proposed  procedure  too  liberal  objected 
to  the  propMjsed  use  of  a  lower  confidence 
limit  on  the  observed  slopie  of  the  dose- 
respionse  curve.  Their  objection  is  that 
the  propxwed  statistical  technique  for  ex¬ 
trapolating  dose-resp)onse  data  obtained 
from  animal  tests  seriously  underesti¬ 
mates  public  risk.  The  technique  pro¬ 
vides  a  basis  for  establishing  a  dose  level 
where  there  would  be  no  significant  hu¬ 
man  risk  of  cancer,  thereby  establishing 
a  criterion  for  a  residue  detection  meth¬ 
od.  Specifically,  the  comments  contended 
that  if  the  true  statistics  of  the  dose-re- 
spxinse  relation  are  logistic  or  linear,  ex- 


^  Mantel,  N.  and  W,  B.  Bryan,  "  'Safety' 
Testing  of  Carcinogenic  Agents,*'  “Journal  oC 
the  National  Cancer  Institute,**  37(2)  :45A- 
470  (1961). 

*  Mantel,  N..  et  al.,  ‘TmproTed  Mantel- 
Bryan  Procedure  for  ‘Safe^  Testing  of  Car¬ 
cinogens,**  "Cancer  Research,**  35:885-873 
(1975). 
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trapolation  with  the  slope  of  a  probit 
transformation  would  seriously  imderes- 
timate  public  risk.  Further,  these  com¬ 
ments  argued  that  the  probit  transfor¬ 
mation  leads  to  a  paradox,  in  that  strong 
carcinogens  are  treated  less  conserva¬ 
tively  than  weak  ones.  Regardless  of  their 
point  of  view,  however,  most  of  the  com¬ 
ments  supported  the  Commissioner’s  ef¬ 
fort  to  elicit  public  discussion  of  the  im¬ 
plementation  of  the  anticancer  provi¬ 
sions  of  the  act. 

2.  Choice  of  the  Mantel-Bryan  proce¬ 
dure — (a)  Alternative  statistical  models. 
Most  of  the  comments  favored  the  pro¬ 
posed  adoption  of  the  Mantel-Bryan 
procedure  but  without  the  modifications 
suggested  in  the  proposal.  A  smaller 
number  of  comments  recommended  that 
a  linear  extrapolation  would  be  a  better 
alternative  to  the  Mantel-Bryan  proce¬ 
dure,  and  even  fewer  suggested  the  lo¬ 
gistic  or  the  angle  distributions.  Still 
other  comments  suggested  that  a  com¬ 
parative  analysis  of  animal  carcinogen¬ 
esis  data  be  required  employing  all  al¬ 
ternative  distributions  and  the  smallest 
estimate  of  the  “safe”  level  be  used  to 
define  the  no-residue  standard  for  a 
compound.  Finally,  some  comments  in¬ 
dicated  that,  although  the  logistic  and 
angle  distributions  have  been  used  in 
biological  sciences,  there  is  no  indication 
that  either  one  provides  advantages  over 
the  probit  (Mantel-Bryan)  or  the  linear 
distribution,  and  that,  therefore,  neither 
was  appropriate  for  regulatory  purposes. 

Some  comments  favoring  the  Mantel- 
Bryan  procedure  argued  that  it  has  a 
theoretical  rationale  which  is  probably 
relevant  to  the  carcinogenic  action  of 
chemical  agents.  A  similar  argument  was 
made  by  some  of  the  comments  favoring 
the  linear  extrapolation.  These  com¬ 
ments  also  contended  that  the  linear  ex¬ 
trapolation  has  the  public  health  advan¬ 
tage  of  being  the  most  conservative  of  all 
procedures. 

(b)  Limitations  in  available  proce¬ 
dures  and  choice  of  procedure.  The  Com¬ 
missioner  has  extensively  reviewed  the 
known  procedures  that  may  be  used  to 
derive  an  operational  definition  of  the 
no-residue  standard  of  the  act  from  ani¬ 
mal  carcinogenesis  data.  This  review  has 
persuaded  him  the  same  scientific  and 
technological  limitations  are  common  to 
all.  Specifically,  because  the  mechanism 
of  chemical  carcinogenesis  is  not  under¬ 
stood,  none  of  these  procedures  has  a 
fully  adequate  biological  rationale.  All 
require  extrapolation  of  risk -level  rela¬ 
tions  from  responses  in  the  observable 
range  to  that  area  of  the  dose-response 
curve  where  the  responses  are  not  ob- 
sefrvable.  Matters  are  further  compli¬ 
cated  by  the  fact  that  the  risk-level 
relations  adopted  by  the  various  proce¬ 
dures  are  practically  indistinguishable 
in  the  observable  range  of  risk  (5  per¬ 
cent  to  95  percent  incidence)  but  diverge 
substantially  in  their  projections  of 
risks  in  the  unobservable  range.  Finally, 
the  Commissioner  concludes,  no  proce¬ 
dure  is  intrinsically  more  conservative 
than  any  other;  the  conservatism  of  any 
procedure  depends  entirely  upon  the 
restrictions  and  modifications  imposed. 


The  comments  failed  to  demonstrate 
that  another  procedure  is  superior  to 
that  of  Mantel  and  Bryan '  and  Mantel 
et  al.,*  (Mantel-Bryan)  and  therefore 
the  Commissioner  has  adopted  it  with 
some  modifications.  Moreover,  the  Com¬ 
missioner  concludes  that  some  aspects  of 
the  Mantel-Bryan  procedure  offer  dis¬ 
tinct  advantages  over  the  other  statis-  ' 
tical  procedures.  It  provides  a  clearly 
defined  means  for  pooling  data  from 
multiple  experiments  and  from  multiple 
dose  levels  within  a  single  experiment, 
thus  permitting  decisions  based  on  the 
fullest  use  of  available  data.  Further,  the 
Mantel-Bryan  procedure  has  a  clearly 
defined  mechanism  for  handling  the 
spontaneous  tumor  rate.  (See  paragraph 
V.C.4.(d)  of  this  preamble,  below.)  To 
overcome  certain  limitations  of  the 
Mantel-Bryan  procedure,  the  Commis- 
siofler  has  adopted  a  niunber  of  modifi¬ 
cations,  which  are  described  in  §  500.87 
and  discussed  in  paragraph  V.C.4  below 
in  the  preamble. 

The  Commissioner  recognizes  the 
significance  of  the  decision  to  adopt  the 
modified  Mantel-Bryan  procedure  to  im¬ 
plement  the  no-residue  requirement  at  a 
time  when  that  procedure,  and  similar 
procedures,  as  well  as  the  relationship 
between  test-animal  experience  and 
human  risk,  are  under  active  and  in¬ 
tense  scientific  study.  He  therefore  has 
concluded  that  a  review  of  this  decision 
shall  be  undertaken  in  2  years,  and  any 
appropriate  modifications  in  the  regu¬ 
lation  will  then  be  initiated. 

3.  Time-to-tumor  and  other  consid¬ 
erations.  Several  comments  contended 
that  the  proposal  was  deficient  because 
it  did  not  address  the  time-to-tumor 
aspects  of  chemical  carcinogenesis.  Some 
comments  pointed  out  that  Albert  and 
Altshuler  have  developed  preliminary 
statistical  relationships  between  low 
levels  of  carcinogen  exposure  and  time 
of  tumor  manifestation.  It  is  the  view  of 
these  authors  that  characterization  of 
carcinogenic  potential  on  the  basis  of 
incidence  alone  is  not  appropriate,  be¬ 
cause  it  ignores  the  life-shortening 
aspects  of  carcinogenesis. 

The  Commissioner  generally  agrees 
with  these  comments.  He  is  faced,  how¬ 
ever,  with  a  dilemma  similar  to  that 
presented  by  the  choice  of  statistical  dis¬ 
tributions.  While  statistical  analyses 
based  on  Incidence  have  been  subjected 
to  the  scrutiny  of  use,  the  time-to-tumor 
relations  developed  by  Albert  and 
Altshuler  have  not.  For  this  reason,  the 
Commissioner  concludes  that  the  basis 
for  extrapolation  prescribed  in  the  regu¬ 
lation  shall  be  only  incidence  statistics, 
but  the  agency  will  Initiate  a  review  of 
the  matter  of  tlme-to-tumor  statistics 
in  2  years  and  consider  the  desirability 
and  practicability  of  providing  for  their 
consideration. 

One  comment  stated  that  “effects 
produced  at  higher  dose  levels  •  •  •  are 
useful  for  delineating  the  mechanism  of 
action,  but  for  any  material  and  ad¬ 
verse  effect,  some  dose  level  exists  for 
man  or  animal  below  whfch  adverse  ef¬ 
fects  will  not  appear.”  The  comment 


analyzed  in  detail  the  deficiencies  of  all 
statistical  extrapolations  and  stated  that 
approaches  are  available  to  define  a  true 
carcinogenic  “no-effect”  level.  It  con¬ 
tended  that  it  is  more  appropriate  to 
determine  a  biologically  insignificant 
level  using  a  safety  factor  based  on  com¬ 
petent  scientific  judgment. 

The  Commissioner  disagrees  with  the 
contention  that  the  classical  toxicology 
concepts  of  “thresholds”  and  “biologi¬ 
cally  insignificant  levels”  are  generally 
applicable  to  carcinogenesis.  There  is 
substantial  scientific  controversy  over 
whether  such  concepts  apply  to  irrevers¬ 
ible  processes,  such  as  the  chemical  in¬ 
duction  of  malignant  neoplasia.  “Thresh¬ 
old”  and  “biologically  significant  level” 
concepts  derive  from  short-term  toxicity 
experiments  which  have  no  established 
meaning  in  biological  processes  that  re¬ 
quire  long  latent  periods  (up  to  20  or 
30  years)  before  lesion  manifestation. 

Several  comments  opposing  the  pro¬ 
posal  suggested  that  the  agency  should 
maintain  flexibility  and  evaluate  the  ap- 
provabillty  of  sponsored  compounds 
based  on  assessments  of  benefit  and  risk, 
in  effect  offering  another  approach  to 
establishing  the  operational  zero  for  car¬ 
cinogenic  residues.  The  Commissioner 
(includes,  however,  that  an  approach 
that  contemplates  consideration  of  the 
benefits  of  use  of  a  sponsored  compound 
in  defining  the  no-residue  standard  is  in¬ 
compatible  with  the  anticancer  provi¬ 
sions  of  the  act. 

4.  Modifications  and  restrictions  on  the 
Mantel-Bryan  procedure — (a)  Expres¬ 
sion  of  dose  level.  Several  comments  ad¬ 
dressed  the  adjustments  the  Commis¬ 
sioner  proposed  to  make  in  the  “safe” 
level  of  Mantel  and  Bryan  derived  from 
the  experimental  animal  data  in  order  to 
establish  an  appropriate  value  for  man. 
Some  comments  stated  that  adjustments 
for  differences  in  food  intake  between 
experimental  animals  and  man  inap¬ 
propriate  when  dealing  with  carcinogens. 
The  comments  stated  that  such  adjust¬ 
ments  would  assume  erroneously  that  all 
toxic  materials  have  the  same  mode  of 
action  on  a  body  weight  basis.  They  fxu”- 
ther  suggested  that  the  relationship 
should  be  expressed  in  terms  of  concen¬ 
tration  in  the  feed  of  the  test  animals 
and  in  the  food  of  man  when  the  diet  in 
both  cases  is  consumed  ad  libitiun,  other 
than  on  an  amoimt-per-body-weight 
basis.  Other  comments  argued  that  the 
conversion  of  animal  data  to  man  should 
be  based  on  siurface  areas. 

The  final  regulations  specify  that  car¬ 
cinogenicity  tests  shall  be  conducted  with 
the  test  compound’s  concentration  in  the 
diet  of  the  experimental  animals  held 
constant  throughout  the  study.  And  the 
“safe”  level  derived  from  the  modified 
Mantel-Bryan  extrapolation  of  test-ani¬ 
mal  data  shall  be  expressed  as  a  concen¬ 
tration  in  the  total  ^et  (weight  of  com¬ 
pound/weight  of  total  diet)  of  the 
animals  and  shall  be  directly  applied  at 
the  “safe”  level  for  the  total  diet  of  man. 
The  Commissioner  concludes  that  the 
arguments  for  conversion  based  on  sur¬ 
face  areas  or  on  Intake  per  unit  of  body 
weight  have  little  basis.  The  comments 
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provided  no  evidence  that  these  concepts 
are  applicable  to  low -dose  chronic  expo¬ 
sures.  The  surface  area  concept  is  based 
on  experience  with  short-term,  high-dose 
studies.  F^irthermore,  measurements  of 
surface  area  are  crude.  Finally,  surface 
area  and  body  w’eight  will  vary,  as  will 
food  intake  per  day,  throughout  the 
chronic  study,  thus  requiring  constant 
adjustments  of  dose. 

Until  evidence  is  compiled  demonstrat¬ 
ing  that  there  is  a  more  appropriate 
means  of  conversion  from  exF>erimental 
animal  to  man  with  respect  to  chronic 
exposure  and  carcinogenic  manifesta¬ 
tion,  the  Commissioner  will  assume  that 
the  animal  is  the  integrator  throughout 
its  lifetime  of  any  observed  response  to 
a  fixed  concentration  in  the  diet.  The 
Commissioner  has  thus  adopted  the 
direct  conversion  approach  (the  “safe” 
level  in  parts  per  million,  parts  per  bil- 
li(»i,  etc.,  of  the  diet  of  the  experimental 
animals  directly  applied  to  the  diet  of 
man) ,  which  Is  the  most  conservative,  as 
well  as  most  practical,  of  the  approaches 
considered. 

(b)  Degree  of  data  confidence.  The 
Commissioner  disagrees  with  comments 
that  characterized  the  proposal’s  require¬ 
ment  for  99  percent  confidence  intervals 
as  another  in  a  series  of  unnecessarily 
conservative  assumptions.  Confidence  in¬ 
tervals  characterize  the  quality  of  experi¬ 
mental  measurement.  The  Commissioner 
concludes  that  a  high  degree  of  confi¬ 
dence  should  be  demanded  for  decisions 
respecting  carcinogens.  He  therefore  has 
adopted  the  99  percent  level  of  confi¬ 
dence,  and  the  final  regulations  require 
that  all  calculations  based  on  experimen¬ 
tal  observations  shall  be  made  from  or 
with  the  99  percent  confidence  limits. 

(c)  Slope  used  for  extrapolation.  The 
proposal  w'ould  have  requir^  that  extra¬ 
polation  be  made  with  the  lower  90th 
percentile  of  the  observed  dose-response 
curves.  Numerous  comments  stated  that 
the  extrapolation  should  be  performed 
with  a  slope  of  one.  as  proposed  by 
Mantel  and  Bryan. 

The  Commissioner  agrees  v  ith  com¬ 
ments  that  suggested  that  use  for  extra¬ 
polation  of  the  observed  slope  of  the  ex*- 
(>erimental  dose-response  curve  could 
imderestimate  public  risk,  and  has  modi¬ 
fied  the  regulation  to  call  for  a  maximum 
slope  of  one.  This  requirement  affords  a 
high  degree  of  confidence  that,  regard¬ 
less  of  the  actual  configuration  of  the 
dose-response  curve  in  the  unobservable 
region,  toe  maximum  projected  risk  will 
be  higher  than  toe  actual  risk. 

If  the  experimental  dose-response 
curve  exhibits  a  slope  that  is  less  than 
one,  it  is  possible  that  this  slope  charac¬ 
teristic  may  also  prevail  in  toe  vmobserv- 
able  region.  To  maintain  toe  conserv¬ 
atism  of  toe  procedure,  in  such  situa¬ 
tions,  toe  regulations  require  that  the 
extrapolation  be  performed  with  toe 
shallower  sloi>e.  The  Commissioner  rec¬ 
ognizes  that  there  may  be  weak  carcino¬ 
gens  whose  actual  dose-response  cun-e 
slope  may  be  relatively  steep  at  the  lower 
levels  of  response,  with  a  plateauing  (i.e., 
very  shallow  slope)  In  the  experimen¬ 


tally  observed  region.  In  such  a  case, 
the  procedure  adopted  would  be  ultra¬ 
conservative.  However,  it  is  not  possible 
to  know  toe  nature  of  the  true  sl(^  in 
the  unobservable  region,  and  the  agency 
must  have  a  high  degree  of  confidence 
that  toe  maximum  projected  risk  is 
above  toe  actual  risk. 

(d)  Spontaneous  tumor  rates  and 
data  combination.  In  the  proposal  toe 
Commissioner  recognized  certain  limit¬ 
ing  features  that  are  common  to  all  ex¬ 
trapolation  procedures,  including  that  of 
Mantel  and  Bryan.  These  limitations 
concern  the  rate  of  tumor  incidence  in 
toe  control  groups  of  animal  bioassays 
and  the  selection  or  combination  of  data 
from  different  experiments.  Since  pub¬ 
lication  of  the  pr(H>osal.  Mantel  and  co¬ 
workers*  have  developed  procedures  to 
deal  with  these  issues.  The  Commissioner 
sees  merit  in  these  improvements  and 
has  adopted  them  in  the  final  regula¬ 
tions. 

In  the  original  procedure  published  by 
Mantel  and  Bryan,  the  tumor  incld«ice 
attributable  to  a  given  level  of  a  chemi¬ 
cal  carcinogen  was  measured  as  the  dif¬ 
ference  between  the  upper  99  percent 
confidence  limit  of  the  observed  response 
of  test  animals  and  toe  lower  99  percent 
confidence  limit  of  toe  observed  response 
of  control  animals.  The  effect  of  this  pro¬ 
cedure  on  toe  derived  “safe”  level  is 
minor  when  toe  tumor  rate  in  control 
animals  is  low:  however,  when  the  con¬ 
trol  animals  exhibit  a  high  rate  of  spon- 
toneous  tumors,  the  effect  of  toe  pro¬ 
cedure  is  far  more  pronounced.  The  im¬ 
proved  procedure  published  by  Mantel  et 
al.*  treats  the  rate  of  spontaneous  tumors 
as  an  additional  statistical  parameter, 
which  it  is.  and  thus  resolves  this 
problem. 

In  many  Instances,  the  male  and  fe¬ 
male  animals  of  toe  same  strain  may  ex¬ 
hibit  significantly  different  responses  to 
a  compound.  It  is  also  apparent  that  the 
responses  of  different  strains  and  species 
may  be  similar.  It  is  always  desirable  to 
make  maximum  use  of  available  infor¬ 
mation  by  appropriate  combination  of 
different  data  sets  however,  but  prudence 
must  govern  the  process  of  selecting  and 
combining  data.  Combining  different 
data  sets  increases  the  number  of  ani¬ 
mals  used  in  the  analysis  and  therefore 
increases  the  confidence  in  the  results. 
Yet,  in  many  instances,  different  data 
sets  contain  different  types  of  informa¬ 
tion.  Mantel  et  al.*  discuss  toe  informa¬ 
tional. aspects  of  data  combination  with 
respect  to  pooling  data  from  different 
experiments  and  from  different  doses. 
The  Commissioner  agrees  in  principle 
with  most  of  their  conclusions:  neverthe¬ 
less,  he  anticipates  that  situations  win 
arise  where  the  evidence  in  support  of 
combining  or  not  combining  data  wiU  be 
equivocal.  Therefore,  he  concludes  that 
toe  statistical  and  biological  evaluation 
of  data  will  determine  which  data  sets, 
if  any,  wiU  be  appropriate  for  pooling. 
Where  toere  are  significant  statistical 
and/or  biological  differences  in  toe  ob¬ 
served  responses,  only  subsets  of  data 
representing  statisticaUy  and  biologl- 


caUy  comptatible  bioassays  will  be  used 
for  analysis. 

(e)  Level  of  risk.  Hie  proposal  sug¬ 
gested  that  an  accepted  levehof  risk  for 
test  animals,  and  thus  for  man.  could  be 
1  in  100  million.  Many  comments  argued 
that  this  level  of  risk  was  muiecessarily 
conservative  in  light  of  the  many  otlier 
cumulative,  conservative  restrictions  al¬ 
ready  imposed  by  the  regulations.  For 
the  reasons  set  forth  below,  the  Commis¬ 
sioner  has  concluded  that  this  level  of 
risk  is  unduly  limiting  without  substan¬ 
tial  compensation  in  terms  of  public 
health. 

As  the  level  of  rusk  is  decreased,  the 
number  of  animals  that  are  required  in 
each  test  to  bring  the  lowest  limit  of  the 
assay’s  measurement  derived  from  a  no- 
carcinogenic-response  test  into  the 
range  of  current  analytical  technology 
vastly  increases.  Thus,  toe  time  and  re¬ 
sources  that  are  necessary  to  plan,  per¬ 
form.  and  evaluate  the  test  before  sub¬ 
mission  to  the  agency  in  proper  form  in¬ 
crease  enormouslj'.  This  in  turn  increases 
the  potential  for  interference  from  ir¬ 
relevant  variables  or  intervening  forces. 
Tlien  the  amount  of  agency  resources 
that  must  be  committed  to  evaluate  the 
data  also  increases  almost  geometrically. 
Finally,  all  these  additional  factors  pro¬ 
vide  only  a  minor  incremental  increase 
in  toe  degree  of  confidence  in  any  deci¬ 
sion  that  must  be  made  on  toe  results  of 
these  chronic  toxicity  tests.  Conse¬ 
quently.  toe  final  regulations  establish 
the  maximum  risk  to  be  used  in  the  Man- 
tel-Bryan  calculation  as  1  in  1  million. 
Tlie  following  clarifications  of  the  mean¬ 
ing  of  the  1  in  1  million  risk  level  dem¬ 
onstrate  why  toe  Commissioner  believes 
that  such  a  risk  level  can  properly  be 
considered  of  insignificant  public  health 
concern. 

(i)  The  risk  level  of  1  in  1  million  is  a 
risk  level  for  toe  entire  lifetime  of  an 
individual. 

(ii>  This  lifetime  risk  is  the  maximum, 
and  therefore  unlikely,  human  risk  level. 
Because  of  the  series  of  conservative  as¬ 
sumptions  built  into  the  modified  Man- 
tel-Bryan  procedure  and  into  toe  deriva¬ 
tion  of  the  final  “safe”  level  (see  para¬ 
graph  V.D.,  below  in  this  preamble),  the 
most  likely  human  risk  level  will  be  sev¬ 
eral  orders  of  magnitude  less  than  thLs 
maximum. 

(iii)  The  1  in  1  million  lifetime  risk 
level  assumes  that  an  individual  will  con¬ 
sume  maximum  residue  levels  every  day 
over  a  lifetime. 

(iv)  The  use  of  this  procedure  for  esti¬ 
mating  acceptable  level  is  based  on  toe 
assumption  that  toe  only  risk  to  toe 
human  popxUation  is  that  from  residues 
of  the  sponsored  compound,  not  from 
such  intervening  causes  as  disease  or 
accidents  (e.g.,  the  average  risk  of  fatal¬ 
ity  by  motor  vehicle  accident  per  year 
is  approximately  1  In  4,000) .  Because  the 
population  is  ccmstantly  at  risk  frcHn  a 
wide  range  of  factors,  however,  any  in¬ 
crement  of  increased  risk  associate  with 
exposure  to  residues  of  multiple  com- 
poimds  is  at  most  in  toe  vanishingly 
small  range. 
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D  DERIVATION  OF  THE  LEVEL  OF  TOTAL 
RESraiTES  OF  CARCINOGENIC  CONCERN 
WHICH  CAN  BE  TAKEN  AS  SATISFYING  THE 
NO-RESIDUE  REQUIREMENT  OF  THE  ACT 

As  explained  in  the  previous  section,  a 
potential  residue  level  corresponding  to  a 
risk  of  1  in  1  million  in  test  animals  (l.e., 
the  "safe”  level  derived  from  the  modi¬ 
fied  Mantel-Bryan  procedure)  can  be 
considered  the  level  that  represents  no 
significant  carcinogenic  burden  in  the 
total  diet  of  man.  This  level  is  assigned  in 
the  final  regulations  the  symbol  and, 
expressed  as  a  fraction  in  the  total  diet 
<i.e.,  parts  per  billion,  parts  per  trillion) 
of  the  test  animals,  shall  be  directly 
taken  as  the  potential  undetected  residue 
level  that  is  safe  in  the  total  diet  of  man. 

In  some  cases,  residues  in  addition  to 
the  sponsored  compound  itself  v?ill  have 
been  selected  for  carcinogenicity  testing. 
In  these  instances,  “safe”  levels  will  be 
derived  for  each  of  the  compounds  that 
have  undergone  testing.  The  compound 
exhibiting  the  lowest  value  for  the  "safe” 
level  is  the  most  potent  carcinogen  of 
those  tested  and  constitutes  the  greatest 
potential  carcinogenic  threat  among  the 
residues.  The  Commissioner  will,  accord¬ 
ingly,  choose  the  smallest  value  of  the 
various  “safe”  levels,  assign  to  it  the 
sjTnbol  So,  and  assume  that  it  represents 
the  potential  carcinogenic  burden  that 
may  result  from  the  administration  of  a 
sponsored  compound  to  food-producing 
animals.  Additionally,  because  other 
tested  residues  may  have  exhibited  car¬ 
cinogenic  properties  <albeit  less  potent) 
and  still  other,  untested  residues  may 
represent  carcinogenic  risks,  the  So  will 
be  taken  as  the  sum  of  the  levels  of  all  of 
the  residues.  Potential  residues  in  the 
total  human  diet  cannot  exceed  So  if  that 
diet  is  to  bear  no  significant  carcinogenic 
risk  to  man.  The  only  residues  that  can 
be  excluded  from  the  sum  of  residue 
levels  are  those  that  have  been  unambig¬ 
uously  shown  to  be  noncarclnogenlc. 

Although  it  will  already  be  apparent  to 
the  attentive  reader  and  to  the  trained 
scientist,  it  bears  reiteration  at  this  point 
that  So  (or  any  figure  derived  on  the 
basis  of  adjustments  described  below) 
does  not  represent  a  level  of  residues 
"approved”  for  introduction  into  the 
human  diet.  The  purpose  of  these  regula¬ 
tions  is  to  establish  critei'ia  for  the  evalu¬ 
ation  of  assays  for  the  measurement  of 
carcinogenic  animal  drugs.  These  criteria 
must  Include  some  lowest  level  of  reliable 
measurement  that  an  assay  is  required 
to  meet.  In  defining  a  level  of  potential 
residues  that  can  be  considered  "safe,” 
therefore,  the  Commissioner  is  establish¬ 
ing  a  criterion  of  assay  measurement 
that,  if  it  can  be  met  for  a  compound,  will 
assure  that  any  undetected  residues  re¬ 
sulting  from  the  cwnpound’s  use  will  not 
Increase  the  risk  of  human  cancer. 

E.  CORRECTIONS  FOR  FOOD  INTAKE 

Several  comments  argued  for  and  oth¬ 
ers  opposed  further  adjustments  based  on 
patterns  of  food  consumption.  Some 
comments  contended  that  the  “safe” 
level  of  Mantel  and  Bryan  In  the  aidmal 
diet  Aould  be  directly  applied  as  the 


upper  allowable  limit  in  man’s  diet  and 
In  any  c<xnponent  food  In  the  human 
diet.  These  comments  argued  that  this 
limit  should  not  be  raised  by  considera¬ 
tion  of  intermittency  of  consumption  of 
particular  foods  or  of  the  proportion  of 
the  total  diet  represented  by  an  individ¬ 
ual  food.  They  suggested  that  individ¬ 
uals  who  consume  above  average 
amounts  of  food  would  be  exposed  to 
above  average,  and  thus  possibly  harm¬ 
ful,  levels  of  residues.  Further,  these 
comments  contended  that  the  act  does 
not  provide  a  distinction  between  peo¬ 
ple  who  consume  average  diets  and  peo¬ 
ple  who  consume  above-average  quan¬ 
tities  of  exotic  foods;  both  groups  are 
entitled  to  equal  protection.  They  argued 
that  adjustments  for  exposure  frequency 
based  on  food  consumption  patterns  as¬ 
sume  that  continuous  long-term  expo¬ 
sure  to  a  carcinogen  precedes  the  devel¬ 
opment  of  cancer. 

Many  other  comments  urged  that  ad¬ 
justments  should  be  made  based  on  the 
proportion  of  the  specific  food  in  the 
total  diet  and  the  frequency  of  exposure. 
These  comments  generally  favored  the 
use  of  food  consumption  data,  so  that 
the  degree  of  conservatism  was  more 
uniformly  applied  taking  into  account 
the  relationship  of  the  particular  food 
to  the  total  diet. 

The  Commissioner  disagrees  witli  the 
contention  that  no  adjustments  should 
be  made  for  factors  of  exposure.  Sec¬ 
tion  512(d)(2)(A)  of  the  act  requires 
the  Commissioner  to  consider  the  prob¬ 
able  consumption  of  a  drug  and  of  any 
substance  formed  in  or  on  food  because 
of  its  use.  Analysis  of  carcinogenesis  data 
provides  So.  The  no-residue  standards  of 
the  act  has  been  defined  as  satisfied  when 
the  sum  of  the  levels  of  all  potential  un¬ 
detected  residues  of  the  sponsored  com¬ 
pound  (excluding  only  those  that  have 
been  found  to  be  noncarcinogenic)  would 
not  exceed  S,  in  the  total  diet  of  man. 
Because  products  derived  from  food-pro¬ 
ducing  animals  do  not  constitute  the 
total  human  diet,  it  is  therefore  appro¬ 
priate  that  S,  be  corrected  for  probable 
human  consumption  of  specific  tisues. 
The  Commissioner  agrees,  however,  that 
any  adjustments  must  be  conservative 
to  assure  that  all  segments  of  the  popu¬ 
lation  are  protecrted. 

The  Commissioner  has  consulted 
available  data  on  food  consumption  pat¬ 
terns  in  the  United  States,  and  concludes 
that  muscle  tissue  and  eggs  can  be  con¬ 
sidered.  conservatively,  to  each  con¬ 
stitute  one-third  of  the  total  daily  hu¬ 
man  diet.  Since  milk  can  constitute  the 
total  daily  diet  of  any  individuals  (e.g., 
infants),  no  adjustment  will  be  made 
for  this  commodity.  Adjustments  for  fre¬ 
quency  of  exposure  for  tissues  other  than 
muscle,  milk,  or  eggs  (i.e.,  kidney,  liver, 
etc.)  will  be  considered  only  if  the  pro¬ 
portionate  levels  of  potential  undetected 
residues  in  such  other  tissues,  compared 
to  muscle,  are  such  that  intake  of  muscle 
tissue  on  days  when  other  tissues  are 
not  being  consumed  provides  an  insig- 
nifi(^nt  contribution  to  the  total  expo¬ 
sure  to  residues  (i.e.,  S.  is  never  exceeded 
in  the  total  diet  of  human  beings) . 


The  final  regulations  use  the  symbol 
Sm  to  represent  the  level  of  total  residues 
of  carcinogenic  concern  that  can  be  op¬ 
erationally  defined  as  satisfying  the  no¬ 
residue  requirement  of  the  act  for  spe¬ 
cific  tissues.  If,  for  example,  a  particular 
animal  drug  used  in  cattle  were  found 
to  have  an  So  of  10  parts  per  trillion,  the 
assay  required  for  approval  of  the  drug 
would  have  to  be  capable  of  reliably 
measuring  residues  of  30  parts  per  tril¬ 
lion  and  above  in  muscle  tissue. 

F.  OTHER  POSSIBLE  ADJUSTMENTS 

Several  comments  urged  that  the  reg¬ 
ulation  should  not  provide  for  adjust¬ 
ments  for  the  degradation  of  residues  in 
fo(xl  under  normal  conditions  of  storage 
and  cooking.  Others  suggested  that  such 
data  should  not  be  required  but  should  - 
be  taken  into  account  when  available. 
Still  other  comments  expressed  the  fear 
that  such  data  would  be  used  to  dilute 
the  conservative  intent  of  the  regulation; 
they  argued  that  the  term  “normal  con¬ 
dition  of  storage  and  cooking”  would 
be  difficult  to  define,  and  it  might  reduce 
protection  in  situations  where  actual 
storage  and  food  preparation  practices 
did  not  approximate  experimental  con¬ 
ditions.  Finally,  some  comments  sug¬ 
gested,  generally,  that  such  studies 
should  be  required  only  when  there  is 
reason  to  believe  that  such  information 
would  assist  in  protecting  public  health. 

The  Commissioner  agrees  that  the  pa¬ 
rameters  appropriate  to  such  studies 
have  not  been  defined,  and  he  has  de¬ 
leted  from  the  final  regulations  refer¬ 
ences  to  postslaughter  residue  degrada¬ 
tion  studies.  When  there  is  reason  to  be¬ 
lieve  that  storage  conditions  or  food 
preparation  methods  might  lead  to  the 
formation  of  potentially  toxic  residue 
products,  however,  the  Commissioner 
will  require  appropriate  special  investi¬ 
gations.  Petitioners  are  encouraged  to 
explore  the  postslaughter  stability  of 
residues.  Experience  has  showm  that  res¬ 
idue  stability  can  be  a  complicating  fac¬ 
tor  in  studies  for  the  validation  of  assays 
for  dosed  tissues.  The  Commissioner  en¬ 
courages  r&search  in  this  area  but  until 
appropriate  information  can  be  reliably 
incorporated  in  the  food  safety  decisions, 
such  data  will  not  be  used  to  liberalize 
the  requirements  of  the  regulations. 

G.  CONSIDERATION  OF  OTHER  RELEVANT 
SAFETY  FACTORS 

Originally,  the  Commissioner  proposed 
that  the  Mantel-Bryan  calculation  be 
modified  to  account  conservatively  for 
drug  use  patterns,  e.g.,  the  administra¬ 
tion  of  a  drug  in  the  treatment  of  dis¬ 
eased  animals.  Comments  demonstrated 
that  disease  incidence  does  not  occur 
randomly  within  a  geographic  area  or 
within  specific  animal  groups.  Although 
a  disease  may  have  an  overall  incidence 
of  only  10  percent,  the  affected  group 
may  be  located  in  a  single  area.  There¬ 
fore,  the  Commissioner  is  unable  to  con¬ 
clude  that  evidence  exists,  or  other  safety 
factors  are  available,  to  permit  him  to 
calculate  the  effect  of  such  drug  usage, 
and  he  has  deleted  this  provision  from 
the  regulation. 
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VI.  Metabolic  Study  to  Select  Marker 
Residue  and  Target  Tissue 

A.  THE  CONCEPT 

Before  h?  can  approve  the  use  of  a 
sponsored  compound,  the  Commissioner 
must  assure  that  a  practical  and  reliable 
assay  is  available  that  can  measure  car¬ 
cinogenic  residues  at  the  level  which  dis¬ 
criminates  safe  from  unsafe  food,  i.e.,  the 
assay  must  be  capable  of  determining 
when  Sm  is  exceeded  in  each  edice  tissue. 
One  approach  to  this  problem  \vould  be 
to  require  assays  that  can  be  used  to 
measure  every  residue  in  each  of  the 
various  edible  tissues.  Because  the  num¬ 
ber  of  residues  in  edible  tissues  and  the 
number  of  tissues  can  sometimes  be 
large,  it  is  unlikely  that  such  an  ap¬ 
proach  could  be  put  to  practical  use.  The 
Commissioner  has  determined  that -an¬ 
other  approach  is  possible  that  is  far 
more  practicable  and  sacrifices  no  prin¬ 
ciple  of  safety.  This  alternative  approach 
centers  on  the  concepts  of  a  marker  resi¬ 
due  and  a  target  tissue. 

A  marker  residue  is  a  residue  whose 
level  in  a  particular  tissue  is  in  a  known 
relationship  to  the  level  of  the  total  resi¬ 
due  of  carcinogenic  concern  in  all  edible 
tissues  and  which,  therefore,  can  be 
taken  as  measure  of  the  total  residue  of 
interest  in  the  target  animal.  Once  a 
marker  residue  is  selected  and  its  quanti¬ 
tative  relationship  to  the  total  residue  is 
determined,  it  is  possible  to  calculate  a 
level,  for  purposes  of  these  regulations, 
i?m,  which  is  that  level  of  the  marker 
residue  that  must  not  be  exceeded  in  a 
selected  tissue  (the  target  tissue)  if  the 
total  residue  of  carcinogenic  concern  in 
the  edible  tissues  of  the  target  animal  is 
not  to  exceed  So.  The  marker  residue  can 
be  the  sponsored  compound  or  any  of  its 
metabolites,  or  a  combination  of  residues 
for  which  a  common  assay  can  be 
developed. 

The  target  tissue  is  that  tissue  in 
which  the  absence  of  the  marker  residue 
at  f2m  or  above  can  be  taken  as  confirma¬ 
tion  that  the  safe  residue  level,  Sm,  is 
not  exceeded  in  any  of  the  edible  tissues. 
When  a  marker  residue  and  a  target  tis¬ 
sue  are  selected,  a  practicable  assay  must 
be  developed  that  can  reliably  measure 
the  marker  residue  in  the  target  tissue  at 
levels  at  least  as  low  as  Rm,  and  condi¬ 
tions  of  use  of  the  sponsored  compound 
must  be  established  that  assure  that,  in 
practice,  the  potential  marker  residue 
level  in  the  target  tissue  does  not  exceed 
Rm. 

When  it  is  determined,  using  as  assay 
demonstrated  to  be  capable  of  reliably 
measuring  the  marker  residue  in  the  tar¬ 
get  tissue  at  levels  at  least  as  low  as 
Rm,  that  there  is  no  such  residue  at  levels 
at  or  above  J?m,  it  can  be  concluded  that 
the  no-residue  standard  of  the  act  has 
been  satisfied  for  all  edible  tissues  in  the 
animal  under  examination.  Conversely, 
if  the  market  residue  is  found  in  target 
tissue  at  levels  equal  to  or  greater  than 
Rm,  all  edible  tissues  must  be  considered 
unsafe  for  human  consumption. 


B.  application;  data  development  and 
CALCULATION  OF  Rm 

1.  Marker  residue.  Application  of  the 
concepts  of  marker  residue  and  target 
residue  requires  an  experimental  deter¬ 
mination  of  the  quantitative  relation¬ 
ships  of  residues  that  might  serve  as 
markers  (including  any  which  have  def¬ 
initely  been  shown  to  be  noncarcino- 
genic.  since  theoretically  one  of  these 
might  be  selected  as  marker  residue) 
to  the  total  residue  in  each  of  the  various 
edible  tissues  which  might  serve  as  tar¬ 
get  tissues.  Further,  because  these  rela¬ 
tionships  change  with  time,  the  levels  of 
potential  marker  residues  in  the  potential 
target  tissues  must  be  measured  over 
time,  and  tissue  concentration-time  pro¬ 
files  must  be  constructed.  These  deple¬ 
tion  profiles  will  be  derived  from  mea¬ 
surements  made  in  target  animal  tissues 
after  cessation  of  exposure  to  the  spon¬ 
sored  compound.  Finally,  because  the  re¬ 
sults  of  carcinogenicity  testing  have  been 
used  to  set  limits  for  total  potenti^il  un¬ 
detected  residues  in  each  of  the  individ¬ 
ual  edible  tissues,  the  depletion  profiles 
must  include  measurements  of  the  total 
residue  in  each  potential  target  tissue  to 
levels  at  least  as  low  as  the  Sm  appropri¬ 
ate  to  the  tissue.  Additionally,  depletion 
profiles  for  one  or  more  potential  marker 
residues  must  be  constructed  and  include 
measurements  of  levels  of  residues  cor¬ 
responding  to  the  times  when  the  total 
residue  has  reached  Sm  (Plates  I  and  II 
set  forth  in  §  500.89  (31  CPR  500.89) .) 

Part  in  of  this  preamble  describes  tlie 
requirements  for  the  study  of  the  meta¬ 
bolic  fate  of  a  sponsored  compound  in 
target  animals.  Although  the  purpose  of 
this  earlier  metabolic  study  is  to  provide 
infonnation  for  selecting  residues  for 
carcinc^enicity  testing,  the  same  prin¬ 
ciples  and  requirements  are  applicable 
here  and  must  be  followed  in  acquiring 
the  information  necessarj-  to  construct 
depletion  profiles.  However,  to  meet  the 
depletion  profile  requirements  pre¬ 
scribed  by  the  regulations,  a  second 
metabolic  study  of  the  sponsored  com- 
poimd  in  the  target  animals  may  be 
necessary.  This  second  and  possibly 
more  refined  study  may  require  the 
use  of  a  larger  number  of  animals, 
for  it  will  be  necessary  to  determine  the 
total  number  and  the  quantities  of  res¬ 
idues,  not  only  at  two  points  in  time,  but 
at  several  appropriately  spaced  time  in¬ 
tervals  starting  immediately  after  cessa¬ 
tion  of  exposure  and  continuing  until  the 
residues  in  each  of  the  potential  target 
tissues  has  reached  a  level  corresponding 
to  a  total  residue  level  of  the  appropriate 
Sm  (e.g.,  for  meat,  milk,  or  eggs) .  If  the 
initial  metabolic  study  were  done  with 
the  degree  of  precision  required  to  select 
a  marker  residue  and  a  target  tissue,  of 
course,  it  need  not  be  repeated. 

Selection  of  a  mai-ker  residue  will  be 
based  on  examination  of  depletion  pro¬ 
files.  Generally,  there  will  be  some  time 
at  which  the  sum  of  the  levels  of  the  in¬ 
dividual  residues  (rf  carcinogenic  cmcem 
will  fall  below  the  Sm  appropriate  to  the 


tissue  under  examination.  Residues  that 
are  potential  markers  will  be  present  at 
a  known  concentration  (Rm)  at  this  same 
time  <Tl  of  Plate  I),  and  in  a  definite 
(although  perhaps  rapidly  changing) 
quantitative  relationship  to  Uie  total  res¬ 
idue  (Plate  IT*. 

_  With  the  quantitative  relationship3 
^tablished.  it  will  be  possible  to  select 
one  of  the  residues  as  a  marker.  Ordi¬ 
narily.  the  residue  selected  will  have  the 
following  characterLstics:  (i)  It  will  rep¬ 
resent  at  least  10  percent,  and  usually  a 
great  deal  more,  of  tlie  total  residue  bur¬ 
den  at  the  time  when  the  total  residue 
was  depleted  to  Sm:  (ii)  it  will  be  stable, 
easily  isolated  and  characterized,  and 
susceptible  to  manipulation  for  assay  de¬ 
velopment  and  implementation:  (iii)  it 
will  be  undergoing  relatively  rapid 
change  in  ccmcentration  at  the  time  tlie 
total  residue  burden  is  at  or  near  S-i 
(i.e.,  a  change  in  its  concentration  will 
be  a  sensitive  indicator  of  the  time  when 
the  total  residue  burden  has  depleted 
below  Sm.  While  other  considerations 
may  enter  into  the  selection  of  a  marker 
residue,  these  three  will  ordinarilj’  be 
most  important. 

There  may  be  instances  in  which  no 
single  residue  can  adequately  fulfill  the 
requirements  which  a  marker  residue 
must  meet.  In  such  instances,  it  may  be 
neces.'ary  to  select  some  combination  of 
residues  which,  taken  together,  can  rep¬ 
resent  the  total  residue  burden.  It  should 
be  noted  that  a  marker  residue  can  be  a 
compound  which  is  not  a  carcinogen,  but 
is  an  unambiguous  indicator,  in  the  man¬ 
ner  already  described,  of  the  presence  or 
absence  of  carcinogenic  residues. 

2.  Target  tissue.  Selection  of  a  target 
tissue  requires  a  comparison  of  tlie  deple¬ 
tion  profiles  for  each  of  the  edible  tissues 
(Plate  I  set  forth  in  §  500.89).  A  target 
tissue  will  be  selected  based  on  assurance 
that  the  absence  of  the  marker  residue  at 
or  above  Rm  assures  that  carcinogenic 
residues  are  absent  from  the  slowest  de¬ 
pleting  tissue,  and  thus  that  the  entire 
animal  is  free  of  carcinogenic  residues: 

When  a  compound  is  to  be  used  in 
milk-  and  egg-producing  animals,  milk 
and  eggs  will  be  target  tissues  in  addition 
to  one  tissue  selected  as  the  target  tis¬ 
sue  to  represent  the  depletion  of  residues 
in  all  of  the  edible  carcass.  In  such  oases, 
it  may  be  necessary  to  select  a  marker 
residue  for  mUk  or  eggs  that  is  different 
from  the  marker  residue  selected  for  the 
target  tissue  representing  the  edible 
carcass. 

3.  Calculation  of  Rm.  The  level  of  the 
marker  residue  which  is  present  in  the 
target  tissue  at  the  time  (Tt)  w'hen  the 
sum  of  the  levels  of  the  residues  in  the 
slowest  depleting  tissue  (excluding  any 
residues  that  have  definitely  been  shown 
to  be  noncarcinogenic)  Is  equal  to  Sm  for 
that  tissue,  is  the  Rm  for  that  marker  res¬ 
idue.  The  depletion  profiles  will  be  used  to 
select  Rm  (Plate  n  set  forth  in  §  500.89) . 

For  example,  assume  .j(l)  that  liver  is 
the  target  tissue  of  animal  drug,  P,  in¬ 
tended  for  use  in  cattle;  (ii)  that  the 
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only  residues  of  P  are  the  pai*ent  com¬ 
pound,  P.  and  a  metabolite  Pj;  (ili)  that 
Tl  is  3;  (iv)  that  Sm  for  the  sponsored 
compound  is  29  parts  per  trillion;  and  (v) 
that  the  following  is  a  chart  of  the  deple¬ 
tion  profile  of  the  drug. 


|ln  part.s  piM  trillion) 

Total 

Time 

residue 

burden 

Pi 

0 

100.0 

76.0 

■26.0 

1 

«i.4 

44. « 

•21.  H 

2 

42.0 

26.3 

17.3 

3 

29.0 

15.0 

14.0 

1 

21.0 

9.0 

12.0 

6 

16.0 

6.0 

10.0 

In  this  case,  before  the  drug  can  be  ap¬ 
proved  for  use,  the  petitioner  must  de¬ 
velop  an  assay  that  ^1  satisfy  the  eval¬ 
uation  criteria  in  liver  for  either  P  at 
least  as  low  as  15  parts  per  trUlion  or 
at  least  as  low  as  14  parts  per  trillion. 
Because  P  Is  depleting  faster  than  P,, 
when  the  total  residue  burden  is  29  parts 
per  trillion,  P  may  be  the  preferred  com¬ 
pound  to  select  as  the  marker  residue 
since  it  does  provide  a  more  accurate  as¬ 
sessment  of  when  the  total  residue  bur¬ 
den  reaches  29  parts  per  trillion  (&»). 
Another  example  is  provided  in  Plate  n 
In  §  600.89. 

Vin.  Sponsored  Compounds  Affecting 
Pools  of  Caroinogbnic  or  Potentially 
Carcinogenic  Substances  Endogenous 
TO  Target  Animals 

A.  APPLICABILITY  OF  NO-RESIDUE 
REQUIREMENT 

The  act  requires  that  In  making  food 
safety  decisions,  the  Commissioner  take 
Into  account  all  substances  formed  In  or 
on  food  by  the  administration  of  spon¬ 
sored  compounds  to  food-producing  ani¬ 
mals.  It  is  well  recognized  that:  (1)  Sev¬ 
eral  substances  endogenous  to  food-pro¬ 
ducing  animals  are  suspect  or  proven 
carcinogens;  (il)  in  any  given  animal 
species  or  breed,  the  size  of  pools  of  such 
endogenous  substances  vary  widely  with 
such  attributes  as  sex,  age,  lactation, 
state  of  estrus,  pregnancy,  geographic 
location,  and  animal  husbandry  prac¬ 
tices;  and  (Hi)  man  has  had  stistahied 
exposure  to  such  endogenous  substances 
for  centuries.  Whether  normal  levels  of 
human  exposure  to  these  substances  are 
responsible  for  human  carcinogenesis  Is 
unknown,  but  the  Commissioner  main¬ 
tains  that  the  use  of  drugs  that  can 
cause  an  increase  in  human  exposure  to 
such  compounds  has  the  potential  of  in¬ 
creasing  the  risk  of  human  carcinogene¬ 
sis.  The  use  of  such  drugs  must  there¬ 
fore  be  controlled. 

In  dealing  with  potentially  carcino¬ 
genic  endogenous  compounds,  the  pro¬ 
posal  declared  that  the  Intent  of  the  no- 
resldue  requirement  of  the  act  Is  the 
maintenance  of  the  normal  human  die¬ 
tary  content.  Thus,  the'  regulations  re¬ 
quire  the  determination  of  the  effects  of 
sponsored  compounds  on  the  normal 
background  levels  of  potentially  carcino¬ 
genic  endogenous  compounds.  If  a  com¬ 
pound  is  foimd  to  increase  such  levels, 
conditions  of  use  must  be  established  so 


tliat  normal  background  levels  are  not 
exceeded  In  the  animal  when  the  animal 
is  slaughtered.  The  regulations  also  re¬ 
quire  the  development  of  practical  assays 
for  measuring  endogenous  compound 
levels. 

Several  comments  on  this  segment  of 
the  proposal  expressed  concern  over  the 
meaning  of  the  term  “endogenous  c<Hn- 
pounds”  and  questioned  how  such  com¬ 
pounds  are  to  be  distinguished  frwn  “ex¬ 
ogenous  compounds.”  Others  questioned 
whether  the  former  term  includes  chemi¬ 
cal  derivatives  (estradiol  benzoate)  of 
bona  fide  endogenous  compoimds  (estra¬ 
diol)  or  essential  nutrients  (some  amino 
acids,  minerals,  "Vitamins) .  Comments 
also  expressed  doubt  about  the  distinc¬ 
tion  between  endogenous  and  exogenous 
compoimds  In  cases  where  the  adminis¬ 
tered  compound  can  be  metabolized  to 
residues  of  both  classes.  Some  comments 
also  argued  that  all  externally  adminis¬ 
tered  compounds  should  be  considered 
exogenous,  as  the  true  meaning  of  the 
term  implies. 

Other  ccHnments  suggested  that  en¬ 
dogenous  substances  of  interest  be  sub¬ 
jected  to  toxicological  testing  and  toler¬ 
ances  be  set  if  such  substances  are  found 
to  be  not  carcinogenic.  Some  expressed 
doubt  that  available  technology  could 
meet  the  reqirirements  of  the  proposed 
regulation.  They  contended  that  the 
terms  “normal  conditions  of  use”  and 
“normal  background  levels  of  endogenous 
compounds”  would  be  either  extremely 
dl£9cult  or  impossible  to  define.  The  Com¬ 
missioner  recognizes  the  difficulty  of  the 
task,  but  concludes  that  administered 
compounds  that  increase  the  naturally 
occurring  level  of  potentially  carcino¬ 
genic  endogenous  compounds  present 
special  problems  of  control  which  the 
regulation  must  address  and  resolve. 

B.  DEFINITIONS 

An  endogenous  compound  is  any  com¬ 
pound  that  Is  metabollcally  produced  by 
and  Is  present  in  imtreated  target  ani¬ 
mals.  Any  sponsored  compound  that  is 
found  to  increase  the  normal  background 
levels  of  a  potentially  carcinogenic  en¬ 
dogenous  compound  shall  be  subject  to 
these  regulations  regardless  of  how  the 
increase  Is  brought  about. 

For  instance,  estradiol  benzoate,  which 
is  by  the  above  definition  clearly  not  an 
endogenous  compound,  is  metabollcally 
converted  to  the  endogenous  compound, 
estradiol,  and  may  thus  cause  an  in¬ 
crease  in  normal  background  levels  of 
that  substance.  Estradiol  may  itself  be 
administered,  possibly  again  causing 
target  animal  pools  of  estradiol  to  in¬ 
crease  above  background.  Finally,  a 
sponsored  compoimd  may  indirectly 
cause  an  Increase  in  tissue  levels  of  es¬ 
tradiol  by  affecting  any  number  of  hor¬ 
monal  regulatory  systems  in  the  target 
animals.  While  In  each  of  the  above  cases 
the  cause  of  the  increases  in  normal 
background  levels  of  estradiol  was  dif¬ 
ferent,  the  result  was  the  same.  And  It 
Is  the  result  that  must  be  monitored  and 
controlled.  It  Is  thus  of  little  use  to  dis¬ 
tinguish  between  “endogenous”  and 
“exogenous”  sponsored  compounds. 
Rather,  it  Is  useful  only  to  distinguish 


between  administered  compounds  that 
can  cause  changes  in  normal  back- 
groimd  levels  of  potentially  carcinogenic 
endogenous  compounds,  which  can  un¬ 
ambiguously  be  defined,  and  those  ad¬ 
ministered  compounds  that  do  not  affect 
such  levels. 

Essential  nutrients  are  not  included  in 
the  definition  of  the  classes  of  com¬ 
pounds  that  will  be  regulated  by  these 
regulations.  In  a  strict  sense,  essential 
nutrients  are  not  endogenous.  Although 
present  in  the  tissues  of  animals  and 
required  for  growth  and  health,  they  are 
not  produced  by  the  animals  and  must 
be  supplied  from  external  sources.  These 
features  place  essential  nutrients  in  a 
distinct  class  of  “required  exogenous 
compounds,”  which  must  continue  to  be 
regulated  in  a  unique  manner.  Deter¬ 
mination  of  the  allow’able  use  ol  essen¬ 
tial  nutrients  must  reflect  the  nutri¬ 
tional  requirements  of  the  target  ani¬ 
mals.  When  used  according  to  label  di¬ 
rections,  essential  nutrient  supplements 
should  restore  but  must  not  exceed  the 
essential  nutrient  levels  found  in  natural 
foods  adequately  sustaining  normal 
growth  of  healthy  animals.  Further¬ 
more,  the  levels  of  animal  essential  nu¬ 
trients  found  In  human  food  derived 
from  supplemented  animals  must  not  ex¬ 
ceed  the  levels  in  food  derived  from  nor¬ 
mal  healthy  animals  fed  a  nutiitionally 
adequate  natural  diet. 

C.  GENERAL  PROCEDURES 

If  available  tnformation  sliows  a 
sponsored  compound  might  affect  pools 
of  potentially  carcinogenic  endogenous 
substances  in  target  animals,  and  cause 
an  increase  In  the  level  of  such  sub¬ 
stances  above  the  level  considered  to  be 
safe  by  the  criteria  of  these  regulations, 
the  petitioner  shall  be  required  to  dem¬ 
onstrate  whether  or  not  these  suspicions 
are  true.  The  need  for,  and  the  depth 
and  breadth  of,  studies  required  to  dem¬ 
onstrate  this  effect  must  be  specified  on 
a  case-by-case  basis. 

The  procedure  required  is  fourfold: 
(1)  Estsj)lishment  of  normal  background 
levels  (or  “norm”)  of  the  endogenous 
compound  of  carcinogenic  concern  in  the 
target  animals;  (ii)  determination  of 
the  effects  of  the  sponsored  compound 
on  the  norm;  (iii)  establishment  of  safe 
conditions  of  use  of  the  sixmsored  com¬ 
pound  by  demonstrating  how  the  com¬ 
pound  can  be  used  in  a  way  that  assures 
that  the  norm  is  restored  in  the  target 
animals  before  slaughter;  and  (iv)  de¬ 
velopment  and  validation  of  a  practical 
assay  to  measure  the  endogenous  com¬ 
pound  at  levels  determined  to  be  normal. 
The  regulations  specify  how  each  of 
these  steps  Is  to  be  accomplished. 

D.  SPECIFIC  STEPS  REQUIRED 

The  petitioner  shall  first  be  required 
to  determine  experimentally  the  normal 
background  levels,  or  norms  of  the  po¬ 
tentially  carcinogenic  endogenous  com¬ 
pounds  of  concern  in  untreated  target 
animals.  A  norm  must  be  specific  for  the 
target  animals  and  for  the  intended  con¬ 
ditions  of  animal  husbandry,  and  must 
Include  the  effects  of  age,  sex,  breed,  and 
geographic  location.  The  sponsor  shall 
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provide  the  ixirm  in  the  form  of  a  curve 
of  cumulative  frequency  distribution  of 
untreated  target  animals  over  the  ob¬ 
served  levels  of  the  endogenous  com¬ 
pound.  The  curve  shall  also  include  99 
percent  confidence  bounds  (Plate  in  ap¬ 
pearing  in  §  500.89) . 

The  median  and  shape  of  the  frequency 
distributicm  must  be  known  so  that  shifts 
in  the  norm  can  be  measured.  For  this 
reason,  the  assay  used  to  determine  a 
norm  must  yield  values  for  the  endoge¬ 
nous  compound  different  from  zero  for  at 
least  two-thirds  of  the  untreated  target 
animals.  This  latter  requirement  will  per¬ 
mit  calculation  of  the  median  and  fre¬ 
quency  distribution  with  a  high  degree 
of  reliability,  while  recognizing  the  prac¬ 
tical  limits  of  technology.  Morever,  be¬ 
cause  the  area  of  interest  is  that  around 
the  median,  the  requirement  does  not 
comppl  the  petitioner  to  gather  unneces¬ 
sary  data  since  the  values  at  the  lower 
end  of  the  distribution  are  irrelevant. 

The  sponsor  shall  then  determine  the 
effects  of  the  sponsored  compound  on 
the  norm,  and  shall  provide  data  on  the 
postexposure  decay  of  any  observed  in¬ 
creases  in  the  norm.  The  norm  shall  be 
considered  restored  when  the  distribu¬ 
tion  of  values  for  the  endogenous  sub¬ 
stance  of  concern  observed  in  a  group  of 
treated  animals  is  with  99  percent  con¬ 
fidence  the  same  as  the  norm. 

The  norm,  as  defined,  tak^  into  ac¬ 
count  those  variables  that  affect  back¬ 
ground  levels.  The  final  regulations  thus 
attempt  to  respond  to  those  comments 
suggesting  that  “normal  background 
levels”  w'ould  be  difiBcult  to  define. 

E.  ENDOGENOUS  MARKER  RESIDUE;  CALCULA¬ 
TION  OF  Rm 

If  the  norm  of  an  endogenous  sub¬ 
stance  of  carcinogenic  concern  can  be 
increased  by  the  administration  of  a 
sponsored  compoimd,  the  endogenous 
substance  can  become  an  endogenous 
marker  residue,  i.e.,  its  presence  above 
certain  levels  can  be  considered  an  in¬ 
dicator  of  potentially  carcinogenic  resi¬ 
dues  in  food.  Approval  of  the  use  of  such 
a  sponsored  c<xnpound  shall  be  ccmtin- 
gent  upon  the  petitioner’s  furnishing 
data  demonstrating  that  the  norms  are 
restored  in  the  target  animals  before 
slaughter,  and  upon  the  availability  of  a 
practical  assay  that  can  reliably  meas¬ 
ure  the  endogenous  marker  residue  in 
target  animals.  Such  a  regulatory  assay 
must  be  capable  of  measuring  the  marker 
residue  at  the  level,  Rm.  corresponding 
to  the  33d  percentile  of  the  norm  (Plate 
m  set  forth  in  §  500.89) . 

The  Rm  for  an  endogenous  marker  resi¬ 
due  derives  from  an  entirely  differrait 
conceptual  approach  to  safety  than  ttiat 
used  for  the  derivation  of  an  Rm  for  an 
exogenous  marker  residue.  To  monitor 
shifts  in  the  norm,  the  Commissioner 
must  be  able  to  measure  the  median  and 
to  determine  the  shape  of  the  distribu- 
tl<m.  An  assay  capcd>le  of  measuring  the 
33d  percentile  ot  the  norm,  and  levels 
above  this,  provides  the  required  analyti¬ 
cal  capability.  Hie  same  assay  evaluation 
criteria  apply  to  endogenous  compounds 


as  to  other  compounds  covered  by  these 
regulations. 

Accordingly,  the  Commissioner  has  re¬ 
vised  the  regulations,  which  as  proposed, 
would  have  established  the  lowest  limit 
of  reliable  measurement  at  the  99th 
p>ercentile  of  the  norm.  As  the  comments 
noted,  an  assay  that  can  measure  only 
the  upper  99th  percentile  would  not  be 
able  to  detect  many  shifts  in  the  norm, 
which  is  its  primary  function.  The  final 
regulations  require  an  assay  capable  of 
a  lowest  limit  of  reliable  measurement 
of  the  33d  percentile  of  tlie  norm,  which 
will  readily  detect  any  shifts  in  the  me¬ 
dian  or  mean  of  the  norm.  Actual  moni¬ 
toring,  which  is  performed  by  the  Ani¬ 
mal  Plant  and  Health  Inspection  Ser¬ 
vice  of  the  United  States  Department  of 
Agriculture,  may  occur  at  or  above  the 
50th  percentile  of  the  norm  but  such 
monitoring  will  detect  violative  residues 
and  detect  significant  shifts  in  the  norm. 

F.  ALTERNATIVE  PROCEDURE 

Comments  contended  that  an  alterna¬ 
tive  to  the  foregoing  procedure  should  be 
available  for  regulating  endogenous  sub¬ 
stances.  It  was  suggested  that  a  tolerance 
for  an  endogenous  compound  can  be 
established,  even  at  levels  above  the 
norm,  provided  appropriate  toxicity  test¬ 
ing  on  the  compound  is  carried  out  and  a 
safe  level  can  be  established  in  accord¬ 
ance  with  parts  IV  through  VII  of  the 
preamble  and  §§  500.84  through  500.90 
(21  CPR  500.84  through  500.90).  Sepa¬ 
rate  mechanisms  with  distinctly  different 
rationales  have  been  developed  to  meas¬ 
ure  compliance  with  the  no-residue 
standard  of  the  act  for  endogenous  and 
exogenous  compounds. 

As  noted  earlier,  for  exogenous  com¬ 
pounds  the  regulations  require  develop¬ 
ment  of  an  assay  with  a  minimally  ac¬ 
ceptable  lowest  limit  of  reliable  meas¬ 
urement  at  or  below  the  level  needed  to 
assure  that  any  undetected  residues  pose 
essentially  no  increased  risk  of  cancer 
in  the  population.  Moreover,  should  a 
new  assay  with  a  lower  limit  of  reliable 
measurement  be  developed  at  a  later  time 
that  will  satisfy  the  essay  evaluation 
criteria,  that  assay  will  be  adopted  by 
the  Commissioner.  On  the  other  hand, 
the  method  for  measuring  compliance 
with  the  no-residue  standard  for  an  en¬ 
dogenous  substance  is  based  on  calcula¬ 
tion  of  the  norm,  a  calculation  that  is 
indei>endent  of  and  probably  unrelated 
to  the  lowest  limit  of  an  appropriate  as¬ 
say’s  reliable  measurement.  The  Com¬ 
missioner  (xmcludes  that  monitoring  of 
changes  in  the  norm  is  the  best  avail¬ 
able  method  for  regulating  the  use  of 
ccmipounds  that  may  increase  pools  of 
potentially  carcinogenic  'endogenous 
substances,  and  rejects  the  suggestion 
that  a  tolerance  for  such  compounds  be 
established.  The  Commissioner  would  be 
receptive  to  suggestions  for  alternative 
mechanisms  of  control,  but  imtil  an  ac¬ 
ceptable  alternative  is  Identified,  all 
such  compounds  will  be  required  to  com¬ 
ply  with  the  requirements  Imposed  by 
S§  500.89  (c)  through  (e)  and  500.90. 


VIII.  Regulatory  Assay:  Evaluation 
Criteria  ai^  Approval  Process 

A.  introduction 

The  Commissioner  can  approve  a 
sponsored  compound  for  use  in  food- 
producing  animals  only  if  the  intended 
use  of  the  compound  does  not  result  in 
the  accumulation  of  potentially  carcino¬ 
genic  residues  in  edible  tissues  and  if  an 
assay  is  available  that  can  reliably  meas¬ 
ure  such  residues  at  and  above  the  Rn. 
The  assay  must  also  be  suitable  for  moni¬ 
toring  food  from  animals  administered 
the  compound  to  prevent  food  from 
reaching  the  marketplace  if  it  is  adulter¬ 
ated  with  potentially  carcinogenic  resi¬ 
dues  resulting  from  misuse  of  the  com¬ 
pound. 

Several  comments  argued  that  the  pro¬ 
posal  would  discourage  the  search  for 
better  assays,  and  tliat  this  was  not  in 
keeping  with  the  intent  of  the  cancer 
provisions  of  the  act.  Further,  some  com¬ 
ments  contended  that  FDA  should  only 
be  concerned  with  the  approval  of  sissays 
that  avoid  false  negative  results  and  that 
any  detected  residue  should  be  investi¬ 
gated  to  determine  its  identity.  Other 
comments  proposed  that  when  more 
“sensitive”  assay  methods  (i.e.,  assays 
with  still  lower  limits  of  reliable  measure¬ 
ment)  are  developed,  the  assays  should 
only  be  used  as  screening  tests  and  that 
the  required  “sensitivity”  (or  safe  level* 
derived  from  the  statistical  analysis  of 
animal  carcinc^enesis  data  should  be  re¬ 
tained  for  regulatorj'  action.  These  com¬ 
ments  argued  that  unless  new  biological 
information  warrants  a  change  in  assay 
“sensitivity,”  new  regulatory  assays 
should  not  be  adopted.  Comments  stated 
that  the  efforts  to  increase  “sensitivity” 
had  to  be  balanced  by  the  need  to  assure 
the  practicability  of  an  assay  for  reg¬ 
ulatory  use,  the  desirability  of  avoiding 
false  negatives,  and  the  importance  of 
reproducibility  of  results.  These  com¬ 
ments  implied  that,  given  these  coimter- 
vailing  concerns,  more  “sensitive”  assay 
methods  should  not  be  adopted  because 
the  proposed  statistical  treatment  of  car¬ 
cinogenesis  data  is  sufficiently  conserva¬ 
tive  to  protect  the  public  he^th. 

Still  other  comments  suggested  that 
more  practical  methods  should  be  ap¬ 
proved  for  purposes  of  screening  which 
would  accept  a  low  level  of  false  positives 
with  a  high  degree  of  assurance  that  false 
negatives  would  not  <x;cur.  Confirmatory 
methods,  which  would  undoubtedlj’  re¬ 
quire  more  time  for  cleanup  of  samples 
and  greater  instrument  specialization, 
should  then  be  used  to  provide  evidence 
that  can  withstand  legal  scrutiny.  Some 
comments  stated  that  certain  reagents 
and  instruments  required  for  an  assay 
may  not  be  readily  available  because  of 
their  unique  applicability.  They  suggested 
that  the  regulati(Mi  be  changed  to  allow 
sponsors  to  supply  such  items  when 
necessary.  One  comment  pointed  out  that 
the  word  “control”  in  the  phrase  “well- 
equipped  analytical  centred  laboratory” 
connotes  a  highly  specialized  laboratory 
which  Is  unlikely  to  have  the  necessary 
instrumentation  for  residue  analjisis,  and 
hence  urged  that  it  be  deleted. 
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Because  the  assays  required  by  these 
regulations  are  to  be  used  for  regulatory 
monitoring  of  residues  of  potential  carci- 
nc^enic  concern  in  human  food,  the 
Commissioner  concludes  that  rigorous 
criteria  must  be  established  for  tqrproval 
of  these  assays.  Furthermore,  a  proposed 
assay  must  be  subjected  to  an  objective 
evaluation  to  determine  if  it  meets  the 
criteria.  Only  then  can  the  Commissioner 
assure  that  an  assay  will  provide  a  reli¬ 
able  and  practical  monitoring  device  to 
prevent  violative  residues  in  food.  Many 
comments  in  essence  contended  that 
more  explicit  criteria  and  evaluation 
procedures  should  be  specified,  and  the 
Commissioner  concurs  with  these  com¬ 
ments. 

Any  assay  is  characterized  by  a  set 
of  attributes  which  determine  its  qual¬ 
ity:  dependability,  practicability,  speci¬ 
ficity,  accuracy,  and  precision.  These 
regulations  specify  objective  criteria  for 
these  attributes.  A  proposed  assay  must 
be  shown  to  meet  these  criteria  during 
study  in  a  single  laboratory  and  also  in 
interlaboratory  study  in  government  reg¬ 
ulatory  laboratories.  The  latter  require¬ 
ment  is  essential,  because  the  assays  are 
to  be  used  in  several  regulatory  labora¬ 
tories  (PDA,  USDA,  and  State  labora¬ 
tories)  ,  and  the  Commissioner  must  de¬ 
termine  in  advance  that  an  assay  will 
perform  in  more  than  one  such  labora¬ 
tory.  The  regulations  specify  that  the 
interlaboratory  validation  study  shall  be 
carried  out  in  those  laboratories  (USDA 
and  PDA)  that  will  be  using  the  method 
in  surveillance  and  enforcement  pro¬ 
grams. 

The  steps  in  obtaining  approval  of  an 
asay  are:  (i)  Assay  development  and 
study  by  the  petitioner  to  determine  if 
the  assay  satisfies  the  acceptability  cri¬ 
teria;  (ii)  PDA  review  of  the  petitioner’s 
study  to  determine  suitability  of  the 
assay  for  evaluation  in  interlaboratory 
study;  and  (ill)  interlaboratory  valida¬ 
tion  study,  again  approval  contingent 
upon  satisfaction  of  acceptability  cri¬ 
teria. 

B.  SOURCES  OF  DATA  TO  SUPPORT 
THE  ASSAY 

Data  from  studies  of  an  assay  using 
three  types  of  samples  are  necessary  to 
support  approval.  The  petitioner  must 
prepare  samples  of  target  tissue  to  which 
known  amounts  of  marker  residue  are 
added  (“spiked”  tissues),  and  compare 
responses  obtained  from  assays  using 
these  tissues  with  responses  obtained 
from  assays  of  target  tissues  known  to 
be  free  of  marker  residues  (control  tis¬ 
sues).  In  constructing  an  anal3d:ical 
curve  from  these  data  and  determining 
its  99  percent  confidence  limits  (plot  of 
observed  response  versus  concentration 
of  marker  residue) ,  as  many  samples  as 
possible  should  be  run,  preferably  by 
different  analysts,  for  interlaboratory 
validation  of  the  assay  will  eventually 
be  required.  The  variability  among  dif¬ 
ferent  analysts  can  be  determined  at  the 
developmental  stage  and  adjustments 
made  before  the  assay  is  submitted  for 
PDA  review. 


A  petitioner  should  also  be  satisfied 
that  the  assay  meets  all  of  the  evalua¬ 
tion  criteria  and  also  that  it  is  consistent 
with  general  principles  of  good  analyti¬ 
cal  practice  before  submittal  for  FDA 
review.  Past  experience  shows  that  a 
petitioner’s  failure  to  follow  good  ana¬ 
lytical  practices  diming  initial  assay 
studies  often  results  in  interlaboratory 
failure  even  though  the  initial  results 
may  appear  satisfactory  during  a  paper 
review  of  the  assay  by  PDA.  A  petitioner 
should  assure  that  no  results  enter  the 
construction  of  an  analytical  curve  when 
it  is  known  that  the  results  were  obtained 
using  other  than  acceptable  principles 
of  analytical  practice. 

In  addition  to  the  spiked  tissue  tests, 
a  petitioner  must  also  submit  data  show¬ 
ing  the  applicability  of  the  proposed 
assay  to  target  tissues  taken  from  target 
animals  treated  with  the  sponsored  com¬ 
pound  (“dosed”  tissues) .  To  validate  the 
assay,  dosed  tissue  samples  are  required 
that  contain  the  marker  residue  at  a  level 
approximating  Rm.  A  standard  curve 
must  also  be  submitted,  cimstructed  by 
taking  the  marker  residue  of  known 
purity  at  different  concentrations,  deter¬ 
mining  the  response,  and  plotting  the 
relation.ship. 

c.  SUBMISSION  OF  DATA 

Agency  resources  for  reviewing  and 
validating  assays  are  limited.  'The  Com¬ 
missioner  therefore  has  established  a 
precise  format  for  submitting  the  data 
to  support  acceptance  of  an  assay.  It  is  a 
well-recognized  principle,  applied  both 
by  the  courts  and  administrative  agen¬ 
cies,  that  a  standard  format  can  be  re¬ 
quired  for  pleadings,  requests  for  licenses, 
and  other  applications.  ’This  format  may 
also  designate  special  types  of  informa- 
ticm  that  must  be  contahied  in  the  sub¬ 
mission.  Therefore,  the  agency  will  re¬ 
fuse  to  accept  a  petition  or  review  an 
assay  when  the  request  for  approval  fails 
to  conform  to  the  format  outlined  below. 

1.  Assay  description  and  petitioner's 
evaluation.  The  petitiimer  must  provide 
a  complete  description  of  the  assay  to 
allow  FDA  to  determine  whether  it  is  po¬ 
tentially  acc^table.  Because  this  thresh¬ 
old  determinatiim  of  acceptability  will 
trigger  an  extensive  interlaboratory  val¬ 
idation  procedure,  the  Commissioner 
concludes  t^t  ttie  discussion  must  be 
sufficiently  rigorous  to  minimize  waste  of 
agency  resources.  Therefore,  the  submis¬ 
sion  must  discuss  in  detail: 

(a)  What  equipment  and  reagents  are 
necessary; 

(b)  How  the  assay  is  performed;  and 

(c)  How  the  assay  complies  with  the 
dependability,  practicability,  specificity, 
accuracy,  and  lowest  limit  of  rdiable 
measurement  criteria  prescribed  in 
s  500.90(d)  (21  CFR  500.90(d) )  and  dis¬ 
cussed  under  paragraph  Vin.  E.  below  in 
this  preamble. 

2.  Data.  The  data  and  woricsheets,  in¬ 
cluding  spectrograms,  chromatogrcuns, 
etc.,  from  the  spiked  tissue,  dosed  tissue, 
and  control  tissue  analyses  are  also  nec¬ 
essary  for  the  preliminary  review  of  the 
assay  to  determine  whether  it  actually 
cmnplies  with  the  evaluation  criteria. 


D.  FDA  BEVIEW 

The  Commissioner  will  conduct  a  paper 
review  of  a  petitioner’s  submission  to  de¬ 
termine  whether  an  assay  complies  with 
the  acceptability  criteria.  ’These  regula¬ 
tions  generally  alert  potential  petitioners 
to  the  applicable  statutory  standards  and 
criteria,  which  should  permit  a  petitioner 
to  assess  preliminarily  the  acceptability 
of  an  assay  before  filing  a  petition,  and 
thereby  reduce  the  agency’s  wm'kload. 

If  on  preliminary  review  an  assay  ap¬ 
pears  to  comply  with  the  evaluation 
criteria,  it  will  then  be  subjected  to  the 
interlaboratory  assay  validation  study  to 
determine  whether  it  is  indeed  a  practi¬ 
cable  and  reliable  regulatory  tool.  Should 
the  initial  review  establish  that  the 
assay  falls  to  meet  these  criteria,  the 
petition  will  be  denied.  A  conclusion  that 
an  interlaboratory  assay  validation  study 
should  be  initiated,  however,  in  no  way 
guarantees  that  a  proposed  assay  will 
be  eventually  approved. 

E  ASSAY  ATTRIBUTES  AND  ACCEPTABILITY 
CRITERIA 

An  assay  must  meet  the  following  at¬ 
tributes  and  criteria: 

1.  Dependability.  Dependability  is  the 
attiibute  denoting  the  likelihood  that  the 
proposed  assay  will  3deld  no  result  be¬ 
cause  of  uncontrollable  features  inherent 
in  its  design.  Almost  all  assays  will,  on 
occasion,  fail  to  sdeld  any  result.  Often 
this  occurs  because  of  mishandling  by 
the  analyst,  but  sometimes  failure  may 
be  the  result  of  some  aspect*  of  the  assay 
itself  that  may  have  been  inadequate 
studied  and  defined  or  that  cannot  be 
controlled.  For  example,  assays  depend 
upon  the  availability  of  a  standard 
against  which  measurements  are  com¬ 
pared.  If  the  integrity  of  the  standard 
depends  on  certain  environmental  fac¬ 
tors  (e.g.,  purity  of  the  solvent  in  which 
it  is  maintained,  temperature,  light  in¬ 
tensity,  etc.)  and  these  factors  are 
understood,  it  may  be  possible  to  prevent 
assay  failure.  If  this  dependence  is  not 
known,  however,  the  assay  may  fail  and, 
depending  on  the  sensitivity  of  standard 
integrity  to  the  environmental  factor  of 
importance,  may  fail  often.  In  this 
example,  failure  can  mean  a  Iilghly 
inaccurate  result,  assuming  some  frac¬ 
tion  of  the  standard’s  integrity  is  re¬ 
tained,  or  it  can  mean  no  result  at  all, 
assuming  complete  loss  of  integrity. 

The  Commissioner  concludes  that 
assays  used  to  monitor  carcinogenic  resi¬ 
dues  in  food  must  be  free  of  such  uncon- 
troUable  features,  and  failure  of  a  pro¬ 
posed  assay  to  yield  results  during  the 
petitioner’s  assay  development  studies  or 
Interlaboratory  validation  study  can  be 
a  cause  for  refusing  to  accept  the  assay 
and  for  denying  the  underlying  petition. 
Accordingly,  the  regulations  require  a 
petitioner  to  record  and  furnish  all  the 
information  on,  and  provide  an  explana¬ 
tion  of,  runs  of  the  developed  assay  that 
are  begun,  but  never  finished.  ~ 

2.  PracricoMUfy.  The  regulation  under 
i  500.90(d)  (2)  defines  the  practtcabiUty 
attribute  as  follows; 
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The  assay  shall  be  considered  practicable 
only  If  it  la  suitable  tor  routine  use  In  a 
government  regulatory  laboratory.  TIm  time 
required  to  con^lete  the  assay  must  be  coi- 
sistent  with  regulatory  object! vee  (monitor¬ 
ing,  compliance,  etc.).  All  supplies,  eq\ilp- 
ment,  reagents,  standards,  and  other  mate¬ 
rials  necessary  to  conduct  the  assay  must  be 
commercially  available  except  that  refer¬ 
ence  standards  may  be  supplied  by  the  peti¬ 
tioner  If  they  are  not  commercially  available. 
The  Commissioner  will  withdraw  approval  of 
any  assay  method  and  initiate  regulatory 
action  against  the  sponsored  compound.  If 
the  petitioner  breaches  such  a  condition  of 
the  compound’s  approval. 

An  assay  must  p>ossess  no  characteristics 
that  may  counteract  the  purpose  for 
which  it  is  developed.  Accordingly,  the 
Commissioner  has  established  criteria 
for  practicability  in  terms  that  relate 
specifically  to  the  nature  of  the  labora¬ 
tories  in  which  the  assay  will  be  used 
(l.e.,  regulatory  laboratories  where  time 
and  availability  of  equipment  and  rea¬ 
gents  are  critical  factors  in  their  abllll7 
to  perform  satisfactorily  the  mandated 
functions) . 

'Hie  inability  to  use  an  assay  at  a  reg¬ 
ulatory  laboratory  because  a  needed  rea¬ 
gent  is  not  readily  available  or  because 
excessive  time  is  required  to  complete  the 
assay  presents  potential  risks  to  public 
health  and  cannot  be  sanctiimed.  Ob¬ 
viously,  some  assays  will  require  some 
imique  items,  particularly  reference 
standards.  Tbe  Ccunmlssloner  agrees 
with  comments  suggesting  that  as  Icmg 
as  a  sponsor  makes  reference  standards 
available  to  all  persons  having  an  in¬ 
terest,  the  requirements  of  the  regula¬ 
tion  will  be  met.  A  commitment  to  sup¬ 
ply  reference  standards  when  they  are 
not  commercially  av^lable  may  be  made 
a  condition  of  the  ^nsored  ccHnixiund's 
approval,  and  failure  to  supply  the  gov¬ 
ernment  or  other  laboratories  as  required 
is  a  basis  for  withdrawing  a  compound’s 
approval.  The  Commisslcmer  concludes 
that  an  fissay  is  not  practical  if  it  is  de¬ 
pendent  on  the  use  of  any  other  unique 
equipment  or  materials  that  are  not  com¬ 
mercially  available. 

3.  Specificity.  The  regulations  specify 
that  for  an  assay  to  be  accepted,  an  ob¬ 
served  response  must  without  question  be 
due  to  the  compound  being  measmed  and 
that  compound  only.  It  is  a  fimdamental 
part  of  the  devdopment  of  an  assay  to 
determine  whetho:  or  not  It  possesses 
this  important  attribute.  Among  ana¬ 
lytical  chemists  and  biochemists,  an 
“assay”  that  does  not  demonstrate  this 
attribute  is  of  little  value,  and  indeed,  in 
a  regulatory  setting,  such  an  assay  could 
be  dangerously  misleading.  For  this  rea¬ 
son,  the  Cmnmissioner  has  established 
rigorous  specifications  for  this  attribute. 

In  general  terms,  specificity  describes 
the  uniqueness  of  the  r^tionship  be¬ 
tween  the  observed  effect  (or  response) 
and  the  aiH>lted  stimulus  (in  this  case  the 
chemical  und^  analysis).  In  analytical 
chemistry  and  Mochemistry,  the  term 
specificity  is  commonly  used  in  reference 
to  the  uniqueness  of  a  response  resulting 
from  the  a{H>Ucation  of  a  stimulus  having 
spieclfic  characterUsUcs;  that  is,  the  term 
has  a  qualitative  dimension  only  In  that 
it  does  not  rdate  to  eith«*  the  quantity 


of  response  or  stimulus  or  to  the  nature 
of  the  relationship  between  response  and 
stimulus.  Both  (ff  the  latter  criteria, 
which  might  also  be  considered  aspects 
of  specificity,  are  central  to  good  analyti¬ 
cal  practice.  The  regulations  consider 
both  the  qualitative  and  quantitative 
aspects  and  groups  them  together  imder 
the  general  attribute  of  specificity.  The 
Commissioner’s  objective  is  to  assure 
that,  whatever  the  observed  response,  it 
is  uniquely  related  to  the  marker  residue 
both  qualitatively  and  quantitatively. 
The  establishment  of  an  analytical  curve 
(not  simply  a  standard  curve,  Imt  one  de¬ 
rived  from  actual  measmements  ob¬ 
tained  on  tissue  samples  containing 
known  amounts  of  marker  residue  at  dif¬ 
ferent  levels  and  fnxn  control  samples) 
provides  the  means  to  determine  whether 
the  responses  produced  by  an  assay  are 
single- valued,  as  they  must  be  if  an  assay 
is  to  be  considered  fully  ^>ecific.  Only  as¬ 
says  that  srield  continuously  Increasing 
or  decreasii^  analytical  curves  will  sat¬ 
isfy  the  criterion  of  singde- valuedness. 

Finally,  the  regulations  require  that 
the  assay  contain  a  sufficient  number  of 
indep^doit  measurements  utilizing  in¬ 
dependent  physicoch^nlcal  principles  to 
assure  specificity  (Le.,  the  identity  of  the 
marker  residue  must  be  confirmed) . 
There  may  be  many  ways  in  which  spec¬ 
ificity  can  be  demonstmted  experimen¬ 
tally.  A  petitioner  may  use  highly  sophis¬ 
ticated  research  tools  to  demonstrate  that 
a  proposed  assay  is  specific  in  the  senses 
discussed  above.  However,  a  regulatory 
analyst,  using  an  aiprov^  assay,  must 
have  at  his  dispo^  scune  technique 
(again  capable  of  meeting  other  criteria) 
which  can  provide  assurance  that  an  ob¬ 
served  response  is  due  to  the  marker  res¬ 
idue.  At  present,  mass  spectroscopy  is 
probably  an  ideal  choice  for  acquiring 
the  requisite  specificity,  although  there 
are  other  possibilities.  Scane  detennlna- 
tions  (e.g.,  those  requiring  oizjmies)  may 
have  an  inherent  high  specificity,  but 
others  have  low  specificity  (e.g..  gas, 
thin-layer,  and  liquid  chromatograihy) 
and  require  other,  independent,  typ^  of 
measurements  to  achieve  the  requisite 
confirmatlcm  of  Id^tity.  By  adopting 
this  definition  of  specificity,  the  Com¬ 
missioner  concludes  that  aU  concerns  ex¬ 
pressed  in  the  comments  over  “false  posi¬ 
tives”  or  “false  negatives”  are  moot 

4.  Accuracy-  Assays  sdeld  measure¬ 
ments  of  concentration  that  are  in  some 
proportion  to  the  true  concentration  of 
the  compound  being  measured.  The  ac- 
cmacy  of  an  assay  is  expressed  as  a  per¬ 
cent  ot  the  compoimd’s  true  concentra¬ 
tion.  The  relations  prescribe  a  specific 
accuracy  criterion:  The  averages  of  the 
observed  responses  must  fall  within  60 
to  110  percent  of  the  true  value.  The  cri¬ 
terion  is  consonant  with  current,  good 
analytical  practice  and  is  based  cm 
agency  experience  with  methods  that 
are  routinely  used  for  trace  analysis. 

5.  Lowest  limit  of  reliable  measure¬ 
ment  (Lm) .  To  be  accepted  for  regulatory 
piuposes,  an  assay  must  be  able  to  dis¬ 
tinguish,  with  a  very  high  degree  of  cer¬ 
tainty,  target  tissues  that  contain  levels 
of  the  marker  residue  at  or  above  Rm 
from  target  tissues  that  do  not.  lliis  dis¬ 


tinction  must  be  reproducible  and  capa¬ 
ble  of  supporting  legal  action  ^en  vio¬ 
lative  residues  of  the  sponsored  com- 
povmd  occur. 

To  provide  the  necessary  degree  of  dis¬ 
crimination,  the  regulations  require  that 
the  assay  be  capable  of  producing  a  re¬ 
sponse  when  the  marker  residue  is  pres¬ 
ent  in  target  tissue  at  or  above  Rm  that 
is,  with  99  percent  confidence,  different 
from  the  response  in  nontreated  (con¬ 
trol)  target  tissue  (i.e.,  the  difference 
between  the  responses  of  control  target 
tissue  and  target  tissue  containing  the 
marker  residue  in  target  tissues  at  or 
above  Rm  is,  with  99  percent  confidence, 
greater  than  zero).  The  actual  lowest 
limit  of  reliable  measurement,  L»,  will  be 
determined  by  reference  to  the  analyt¬ 
ical  curve  of  the  proposed  assay.  If  the 
determined  lowest  limit  of  reliable  meas- 
lU’ement,  L.,  of  the  prc^osed  assay  is  at 
or  below  the  Rm  as  determined  in  accord¬ 
ance  with  paragraph  VIJB.3.  ra*  para¬ 
graph  VII.K  of  this  preamble,  this  cri¬ 
terion  shall  be  considered  satisfied.  This 
procedme  tests  the  critical  factor  of  as¬ 
say  precision.  Thus,  an  assay  that  satis¬ 
fies  this  criterion  will  provide  a  reUable 
regulatory  tool  to  enable  the  Commls- 
siCHier  to  discriminate  safe  from  unsafe 
food. 

An  assay  that  satisfies  this  criterion 
will  often  have  a  high  signal-noise  ratio, 
although  this  ratio  may  be  a  function  of 
the  fluctuations  in  the  equipment  used 
to  conduct  the  assay.  The  mechanism 
established  by  the  regulations  is  geared 
to  the  assay’s  variability;  if  the  assay 
yields  readily  reproducible  results,  the 
Importance  of  determining  the  signal- 
noise  ratio  is  diminished.  Every  regula¬ 
tion  has  a  z<me  of  ambiguity,  however, 
and  the  Commissioner  believes  that  it  is 
not  now  appr(g)rlate  to  define  more  pre¬ 
cisely  this  requir^ent  for  an  assay’s 
approvabillty.  In  such  instances,  the  pro¬ 
fessional  Judgment  of  the  reviewing 
scientist  will  come  in  to  play  within  pre¬ 
scribed  limits.  Sophisticated  methods  of 
statistically  analyzing  the  results  of  as¬ 
says  offer  the  promise  of  more  refined 
stwdards  for  this  criterion  that  will  take 
into  account  assay  variaticm  and  yet 
yield  the  high  degree  of  confidence  in 
assay  results,  e.g.,  regression  analysis  of 
the  spiked  tissue,  dosed  tissue,  and  tissue 
blank  results.  The  agency,  in  conjunction 
with  the  Animal  and  Plant  Health  In¬ 
spection  Service  of  the  UB.  Department 
of  Agriculture  (APHIS) ,  will  be  develop¬ 
ing  in  guidelines  for  further  refining  this 
criterion  and  may  subsequently  propose 
amendment  of  the  regulations  to  pre¬ 
scribe  precise  standards  for  evaluating 
assay  accuracy. 

The  Conunissioner  recognizes  that  the 
term  “method  sensitivity”  is  widely  used 
to  describe  the  lowest  level  of  a  com¬ 
pound  under  analysis  which  can  be  de¬ 
tected  as  measured  with  an  analytical 
assay.  Indeed,  the  original  proposal  used 
this  term  to  describe  what  in  the  final 
order  has  been  termed  “the  lowest  limit 
of  reliable  measurement.”  However, 
there  is  some  confusion  surrounding  the 
term  “sensitivity.”  which  derives  in  part 
from  the  fact  that  the  term  has  been 
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used  In  two  senses:  (1)  As  the  lowest 
level  ci  a  ccnnpound  which  can  de¬ 
tected  by  an  assay;  and  (2)  as  the  low¬ 
est  level  of  a  compound  which  can  be 
meastu*ed  reliably  hF  an  assay.  In  fact, 
the  correct  meaning  of  the  term 
“method  sensitivity”  is  imrelated  to  a 
particular  level  of  compoimd  concentra¬ 
tion,  but  rather  relates  to  the  ratio  of 
change  in  instrument  response  to  the 
change  In  compound  concentration.  The 
term  “sensitivity”  has  therefore  been 
dropped  from  the  final  regulations.  The 
Commissioner  has  adopted  the  term 
“lowest  level  of  reliable  measurement” 
because  that  term  more  precisely  de¬ 
scribes  the  attribute. 

In  response  to  comments  urging  that 
any  "dented  residue”  should  be  subject 
to  regulatory  control,  the  Commissioner 
points  out  Uiat  it  is  an  Inherent  char¬ 
acteristic  of  almost  all  analytical  meth¬ 
ods  that  compoimds  can  sometimes  be 
detected  at  levels  below  the  levels  at 
whl(^  they  can  be  reliably  measured. 
More  precisely,  detection  of  a  compound 
simply  means  that  there  is  some  instru¬ 
ment  response  above  background  levels 
which  could  be  the  compoimd  of  interest, 
but  this  response  cannot  be  considered 
as  a  reliable  measurement  of  the  com¬ 
pound.  Since  protection  of  public  health 
is  the  issue,  ^e  Commissioner  must  be 
in  a  position  to  document  conclusions 
based  on  analytical  data,  often  in  a 
court  of  law.  A  major  aim  of  these  reg¬ 
ulations  is  to  assure  that  assays  used  to 
obtain  such  data  can  reliably  measure 
residues.  Hence,  the  Commissioner  con¬ 
cludes  that  the  discriminant  for  samples 
containing  potentially  violative  exog¬ 
enous  marker  residues  shall  be  the  lowest 
limit  of  reliable  measurement,  Lm.  of  the 
approved  assay.  Moreover,  by  imposing 
these  criteria  at  the  preapproval  stage, 
the  Commissioner  will  provide  an  added 
measure  of  public  health  protection  by 
barring  potentially  unsafe  compounds 
from  the  market  place. 

r.  INTERLABORATORY  VALIDATION  OF  ASSAY 

Although  FDA  will  review  the  assays 
for  each  sponsored  compound,  the  actual 
regulatory  field  screening  of  foods  of 
animal  origin  will  be  primarily  per¬ 
formed  by  APHIS,  pursuant  to  the  Meat 
and  Poultry  Products  Inspection  Acts, 
and  by  the  States  pursuant  to  the  Public 
Health  Service  Act.  The  Pood  and  Drug 
Administration  performs  a  complemen¬ 
tary  regualtory  function;  followup  ana¬ 
lytical  and  field  Investigations  of  viola¬ 
tive  residues  to  assemble  evidence  for 
use  in  regulatory  actions. 

The  initial  paper  review  by  fDa  of 
material  in  a  petittion  permits  the 
agency  to  make  a  threshold  determina¬ 
tion  of  the  acceptability  of  an  assay. 
Adequate  protection  of  the  public  health, 
however,  requires  assurance  that  these 
assays  will  function  in  the  Government’s 
regulatory  laboratories.  Therefore,  these 
regulations  also  prescribe  the  procedure 
that  will  be  used  to  assure  that  an  assay 
fas  appropriate  for  use  as  a  regulatory 
tool  ^  Government  laboratories. 

The  Commissioner  will  require  that 
three  Government  laboratories  (two 


FDA  facilities  and  one  USDA  facility) 
independently  validate  an  assay  before 
he  can  determine  that  use  of  a  sponsored 
compound  can  be  approved.  The  delicate 
nature  of  the  assays,  their  Importance  in 
assuring  that  no  residues  of  carcinogenic 
concern  will  occur  in  food  of  animal 
origin,  and  the  practical  limitations  on 
the  Government’s  capacity  to  monitor 
food  production  and  distribution  make 
this  requirement  mandatory.  These  three 
laboratories  must  study  an  assay  suffi¬ 
ciently  to  assure  that  the  conclusions 
about  its  acceptability  drawn  by  the  pe¬ 
titioner  in  his  submission  are  correct 
and  that  all  criteria  are  met. 

G.  CONCLUSION 

If  an  assay  complies  with  the  cri¬ 
teria  described  above  and  prescribed  by 
the  final  regulations,  and  compliance  can 
be  verified  under  actual  conditions  of 
regulatory  use,  the  Commissioner  will 
approve  the  assay.  A  full  description  of 
the  approved  assay  will  be  published  in 
the  Federal  Register  upon  approval  of 
the  petition,  in  accordance  wi^  the  pro¬ 
visos  to  the  anticancer  clauses  and  sec¬ 
tion  512(i)  of  the  act. 

IX.  Withdrawal  Periods 

A.  INTRODUCTION 

The  regulations  define  the  withdi-awal 
period  for  a  sponsored  compound  as  the 
time  required,  after  cessation  of  taiget 
animal  exposure  to  the  sponsored  com¬ 
pound,  for  the  marker  residue  to  deplete 
to  Lm  in  the  target  tissue.  ’The  withdraw¬ 
al  period  must  also  be  compatible  with 
actual  conditions  of  livestock  manage¬ 
ment  and  reasonably  certain  to  be  fol¬ 
lowed  in  practice.  Because  of  the  way  in 
which  the  regulations  define  marker 
residue,  target  tissue,  and  Lm,  the  use  of 
a  sponsored  compound  in  accordance 
with  the  prescribe  withdrawal  period 
will  assure  that  no  carcinogenic  residues 
of  such  compoimd  will  be  present  in 
human  food  derived  from  treated 
animals.  At  any  point  after  cessation  of 
exposure  but  prior  to  the  determined 
withdrawal  period,  treated  animal  tissues 
must  be  considered  as  containing 
residues  of  carcinogenic  concern.  Thus, 
the  withdrawal  period  specifies  the 
length  of  time  after  the  last  treatment 
with  a  sponsored  compound  in  which 
animals  shall  not  be  slaughtered  for  food 
and  during  which  milk  shall  be 
discarded. 

Several  comments  addressed  the  pro¬ 
cedures  for  establishing  posttreatment 
withdrawal  periods.  Some  contended 
that  the  requirement  for  tissue  equili¬ 
bration  with  residues  in  the  experimental 
procedure  for  establishing  withdrawal 
times  was  inappropriate  for  therapeutic 
drugs.  Other  cmnments  suggested  that 
the  withdrawal  periods  be  established  to 
assure  the  absence  of  residues  from 
edible  tissues  only,  since  they  are  the 
ones  destined  for  human  consumpticm. 
Finally,  some  comments  expressed  con¬ 
cern  about  the  practicality  of  tqiplylng 
confidence-interval  techniques  to  estab¬ 
lishing  withdrawal  periods,  especially 
when  dealing  with  large  animals. 


>.  SATA  TO  SUPPORT  WITHDRAWAL  PERIODS 

The  depletion  studies  reiiulred  by  the 
regulations  to  establish  withdrawal 
periods  must  take  Into  account  tiie  bio¬ 
logical  variability  among  Mitmais  and 
other  variables  that  may  influence  dejec¬ 
tion  times. 

Residue  depletion  studies  must  be  con¬ 
ducted  under  conditions  of  the  sponsored 
compound’s  maximum  proposed  use.  If  a 
petitioner  can  dem<mstrate  target  tissue 
equilibration  with  the  marker  residue, 
however,  a  shorter  p^iod  of  administra¬ 
tion  of  the  maximum  dose  can  be  per¬ 
mitted.  The  conditions  of  the  study  must 
also  simulate  actual  use  practice.  That  a 
compound  is  Intended  for  a  therapeutic 
use  is  irrelevant,  because  the  function  of 
this  study  is  to  determine  the  safe  with¬ 
drawal  period,  regardless  of  the  c(»n- 
pound’s  Intended  mode  of  use.  The  pro¬ 
posed  regulatory  assay  must  be  used  to 
measure  the  marker  residue  in  the  target 
tissue,  including  milk  and  eggs  where 
appropriate,  because  it  is  this  assay  that 
wiU  be  used  for  regulatory  mmiitoring. 

All  raw  data  and  evaluations  must  be 
submitted  with  the  petition  alixig  with  a 
graphical  presentation  of  the  tissue  de¬ 
pletion  curve  (concentratiim  of  marker 
residue  in  target  tissue  versus  time) . 

The  analysis  of  the  data  must  Include 
the  estimated  depletion  curve,  which  in 
most  instances  can  be  adequately  ap¬ 
proximated  by  a  first  order  decay  proc¬ 
ess.  The  upper  99  percent  confidence 
bound  will  be  determined  for  the  sam¬ 
ples  from  individual  target  animals  and 
the  time  of  intersection  of  this  upper  99 
percent  confidence  boimd  with  the  Lm 
value  will  be  determined.  The  withdraw¬ 
al  period  is  the  interval  of  time  between 
the  last  administration  of  the  compound 
and  the  time  of  intersection  of  the  upper 
99  percent  confidence  bound  on  the  ob¬ 
servations  and  the  Lm  of  the  approved 
regulatory  assay,  plus  an  additional  in¬ 
terval  determined  by  rounding  out  this 
time  interval  to  provide  a  practical  with¬ 
drawal  period  compatible  with  animal 
management  practices. 

For  example,  if  the  time  of  intersec¬ 
tion  of  the  upper  99  percent  confidence 
bound  on  the  individual  tissue  determi¬ 
nations  and  the  Lm  for  the  marker  resi¬ 
due  is  39  hours,  the  withdrawal  period 
(preslaughter  interval)  would  be  estab¬ 
lished  as  2  days.  In  the  case  of  milk  sam¬ 
ples,  if  the  time  of  intersection  were 
63  hours,  a  withdrawal  time  of  72  hours 
(discard  of  6  milkings)  would  be  estab¬ 
lished. 

The  use  of  a  compound  could  not  be 
approved  if  the  necessary  withdrawal 
period  exceeds  a  period  that  is  cixnpatl- 
ble  with  animal  management  practices. 
For  example,  the  use  of  a  c(xnpound  In 
lactatlng  animals  win  not  be  approved 
If  the  required  withdrawal  time  for  milk 
exceeds  96  hours  (4  days)  because  the 
economics  of  milk  production  make  ob¬ 
servance  of  such  discard  times  unllkdy. 
(H*  at  least  not  reasonably  certain,  to  be 
followed  In  practice. 

When  the  marker  residue  Is  an  endog¬ 
enous  (xunpound,  the  wltiidrawal  pe¬ 
riod  is  tile  time  after  cessatimi  of  ad- 
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ministration  of  the  sponsored  compound 
required  for  tiie  norm  to  be  restored,  with 
99  percent  assurance,  extended  if  nec¬ 
essary  to  be  compatible  with  ccaiditioos 
of  livestock  management.  The  validated 
regulatory  assay  must  be  used  to  collect 
this  information. 

C  RATIONALE  FOR  USING  THE  CONFIDENCE 
BOUND  APPROACH 

To  establish  that  carcinogenic  resi¬ 
dues  are  absent  from  edible  tissues  of 
food -producing  animals  treated  with  the 
sponsored  compound,  the  Commission¬ 
er  must  have  information  about  the  rate 
of  residue  depletion  and  the  inherent 
metabolic  variaWlitles  among  individ¬ 
ual  target  animals.  Confidence  bounds 
on  experimental  data  are  the  only  means 
to  allow  prediction,  with  a  given  degree 
of  confidence,  of  what  will  occur  in  the 
total  target  animal  population.  The 
Commissioner  has  prescribed  99  percent 
confidence  boimds  throughout  these 
regulations  as  tiie  degree  of  confidence 
necessary  to  assure  protection  of  public 
health. 

X.  Waiver  of  Requirements 

The  regulations  permit  the  Commis¬ 
sioner.  in  response  to  a  petitioner’s  re¬ 
quest  or  on  his  own  initiative,  to  waive, 
in  whole  or  in  part,  any  of  the  foregoing 
requirements  for  the  scientific  evalua¬ 
tion  of  sponsored  ciHnpounds  tiiat  have 
the  potential  to  contaminate  human  food 
with  residues  whose  consumption  could 
engender  a  human  risk  of  carcinogenesis. 
When  an  agency  particularizes  a  statu¬ 
tory  standard  of  conduct  by  regulation, 
due  process  requires  that  it  permit  af¬ 
fected  parties  to  d^onstrate  how  their 
alternative  mechanism  satisfies  the  stat¬ 
utory  standard,  and  why  the  regulation 
should  then  be  waived  In  the  public  In¬ 
terest.  “Weinberger  v.  Hynson,  Westeott, 
and  Dunning,  Inc.,’*  412  UJ3.  609,  620 
(1973).  Moreover,  tt  has  been  long  set¬ 
tled  that  an  agency  may  adopt  a  rule 
shown  to  be  appropriate  for  the  general¬ 
ity  of  instances,  and  leave  the  correction 
of  Injustices  to  applications  by  those 
concerned.  “National  Nutritional  Rx>ds 
Ass’n  V.  Food  and  Drug  Administration,” 
504  P.2d  761,  784  (2d  Cir.  1974).  For 
these  reasons,  the  Commissioner  has  ex¬ 
pressly  Included  the  waiver  provision. 
The  Commissioner  advises,  however,  that 
a  waiver  will  be  granted  only  In  excep¬ 
tional  circumstances,  and,  as  the  regula¬ 
tion  provides,  the  basis  for  any  waiver 
must  be  extensively  documents. 

XI.  Implementation 

The  proposal  would  have  applied  the 
requirements  of  the  regulations  to  all 
new  approvals  (basic  or  supplemental) 
filed  or  approved  after  the  effective  date 
of  the  regulations.  Prior  approvals  were 
to  be  dealt  with  on  a  class-by-class  basis, 
beginning  with  known  carcinogens,  sus¬ 
pect  carcinogens,  and  continuing  through 
all  compounds  previously  approved  on 
the  basis  of  zero  tolerance.  These  were  to 
be  reviewed  as  part  of  the  agency’s  gen¬ 
eral  safety  review  for  previously  ap¬ 
proved  new  animal  drugs. 

The  final  regulations  apply  to  all  new 
animal  drug  ai^licatlons,  feed  additive 


petitions,  and  appropriate  color  additive 
petitions,  including  appropriate  supple¬ 
mental  applications,  submitted  subse¬ 
quent  to  the  effective  date  of  the  regula¬ 
tions.  In  addition,  the  requirements  of 
the  regulations  shall  apply  to  all  pending 
petitions  and  applications  unless  the 
Commissioner  determines  that  compli¬ 
ance  with  the  anticancer  provisions  of 
the  act  can  be  adequately  assured  by 
requiring  completion  of  one  or  more  of 
the  required  studies  subsequent  to  ap¬ 
proval.  'The  criteria  set  forth  in  the  reg¬ 
ulations  are  based  on  generally  recog¬ 
nized  scientific  principles  for  testing  and 
evaluating  chemical  componds  for  po¬ 
tential  carcinogenesis  requirements  that 
Congress  contemplated  FDA  would  ad¬ 
here  to  when  It  enacted  the  Food  Addi¬ 
tives  Amendment  of  1958  and  the  Animal 
Drug  Amendments  of  1968  (21  U.S.C. 
348  (b)  and  (c)  and  360b  (b)  and  (d) ) . 

The  Food  and  Drug  ‘Administration 
has  already  ac^lied  these  standards  to 
compounds  currently  being  evaluated  for 
approval  or  subject  to  proposals  to  with¬ 
draw  approval  (e.g.  dlethylstllbestrol 
published  in  the  Federal  Register  of 
November  2,  1976  (41  FR  52105)  and  the 
nitrofurans  published  in  the  Federal 
Register  trf  May  13,  1976  (41  FR  19906)' 
and  August  17,  1976  (41  FR  34884)). 
Accordingly,  all  previously  approved  ap¬ 
plications  for  compounds  subject  to  the 
anticancer  clauses  will  be  reviewed  as 
part  of  the  general  review  of  the  safety 
of  marketed  animal  drugs.  When  the 
agency  finds  deficiencies  In  the  data  sup¬ 
porting  a  prior  aw>roval.  It  will  Issue 
either  a  Federal  Register  notice  or  a 
letter  pursuant  to  sectlcm  512(1)  (1)  oi 
the  act  establishing  the  time  within 
which  the  provisions  of  these  regulations 
must  be  satisfied.  For  notices  previously 
published  or  letters  previously  Issued,  the 
criteria  of  these  regulations  will  be  used 
to  determine  whether  the  data  suppwi;- 
ing  applications  are  acceptable.  The 
C\>mmi^loner  will,  however,  immediately 
proceed  to  withdraw  approval  of  applica¬ 
tions  on  the  basis  of  information  Indi¬ 
cating  that  a  health  hazard  exists  or 
that  no  studies  necessary  to  bring  a  spon¬ 
sored  compound  into  ccmpliance  with 
the  r^ulation  have  been  conducted. 

Additional  Time  for  Comment 

These  final  regulations  largely  reflect 
not  only  the  proposal  published  in  July 
1973,  but  the  current  FDA  practice  in  re¬ 
viewing  sponsored  compounds.  Comments 
on  the  proposal  and  petitions  filed  during 
the  intervening  3  years  have  raised  most 
of  the  issues  discussed  in  this  preamble 
and  resolved  in  the  final  regulations.  In 
the  main,  therefore,  the  regulations  em¬ 
body  no  new  decisions.  The  DES  proviso 
to  the  anticancer  clauses  is  self -execut¬ 
ing,  and  FDA  has  therefore  been  obli¬ 
gated  to  deal  with  the  issues  posed  by 
carcinogenic  compounds  proposed  for  use 
in  food-producing  animals  in  the  absense 
of  regulations.  Accordingly,  the  Commis¬ 
sioner  concludes  that  these  regulations 
shall  become  effective  March  23,  1977. 

Nevertheless,  the  CtHiimissIoner  recog¬ 
nizes  that  it  has  been  over  3  years  since 
these  regulations  were  proposed  and  that 


the  final  regulations  resolve  some  issues 
not  specifically  dealt  with  in  the  prc^xisal 
but  raised  by  the  comments.  Fot  these 
reasons,  the  Commissioner  is  providing 
an  additional  60  days  for  any  interested 
person  to  submit  further  comments  on 
these  specific  issues.  The  Cwnmlssioner 
will  evaluate  any  additional  comments 
and  will  later  publish  any  revisions  to 
the  final  regulations,  if  appropriate. 

Tlie  Commissioner  urges  that  any  com¬ 
ments  submitted  within  this  additional 
period  address  only  new  issues,  and  not 
reopen  mattem  raised  by  the  initial  pro¬ 
posal  and  discussed  in  this  preamble.  Tlie 
Commissioner  is  particularly  interested 
in  receiving  ccanments  on  four  specific 
areas  of  the  regulation*.  First,  he  invites 
further  discussion  of  the  acceptable  level 
of  risk  for  use  in  the  modified  Mantel- 
Bryan  calculation.  At  the  present  time. 
PDA  is  Involved  in  administrative  ad¬ 
judications  concerning  potentially  car¬ 
cinogenic  animal  drugs.  These  proceed¬ 
ings  may  assemble  additional  evidence 
on  the  acceptable  level  of  risk.  Because 
this  issue  is  important  to  application  of 
the  regulations,  the  Cmnmissloner  be¬ 
lieves  additional  comment  will  contribute 
to  public  understanding.  This  action  will 
in  no  way  jeopardize  the  public  health, 
for  the  administrative  record  adequately 
supports  the  current  level  of  risk;  the 
Commissioner  is  interested  in  comments 
on  whether  the  level  of  risk  should  be 
further  reduced. 

Second,  the  Commissioner  will  enter¬ 
tain  comments  on  the  concept  of  com¬ 
parative  metabolism.  This  unique  ap¬ 
proach  was  developed  in  response  to  the 
diverse  comments  on  the  issue  of  which 
metabolites  of  a  sponsored  compound,  if 
any,  should  be  tested.  An  analogous  pro¬ 
cedure  of  the  Environmental  Protection 
.^?ency  has  received  judicial  approval. 
“Elnvlronmental  Defense  Fund,  Inc.,  et 
al.,  V.  Environmental  Protection  Agency.’’ 
No.  75-2259,  (D.C.  Cir.,  November  10, 
1976),  slip  op.  at  14.  The  Commissioner 
welijomes  suggestions  for  alternatives  to 
this  appitnch. 

Third,  as  previously  noted,  the  Com¬ 
missioner  invited  suggestions  for  alter¬ 
native  mechanisms  for  dealing  with 
endogenous  compiounds.  Several  com¬ 
ments  on  the  proposal  urged  that  ar\ 
alternative  procedure  for  evaluation  of 
such  compKiunds  should  be  available,  but 
failed  to  suggest  any  feasible  approaches. 

Finally,  the  Commissioner  welcomes 
suggestions  of  refined  mechanisms  for 
statistically  differentiating  target  tissue 
containing  the  market  residue  from 
blank  target  tissue. 

The  Commissioner  concludes  that  all 
of  the  provisions  of  the  final  regulations 
should  be  implemented  pjending  recon¬ 
sideration  of  any  specific  provisions 
based  upon  additional  comments.  This 
will  work  no  hardship  since  all  provisions 
of  the  regulations  are  supported  by  the 
record,  and,  except  for  the  level  of  risk, 
the  only  changes  the  Commissioner  con¬ 
templates  concern  alternative  methods 
of  satisfying  the  statutory  requirements. 

The  Commissioner  has  carefully  con¬ 
sidered  the  environmental  effects  of  tha 
regulations  and,  because  this  action  will 
not  significantly  affect  the  quality  of  the 
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human  environment,  has  concluded  that 
an  environmental  Impact  statement  Is 
not  required.  A  copy  of  the  environmen¬ 
tal  impact  assessment  is  on  file  with  the 
Hearing  Clerk,  Pood  and  Drug  Adminis¬ 
tration,  Rm.  4-65,  5600  Fishers  Lane, 
Rockville,  MD  20852. 

This  final  order  was  proposed  prior  to 
Executive  Order  11821,  requiring  agen¬ 
cies  in  the  executive  branch  to  review 
regulatory  and  legislative  proposals  they 
initiate  for  inflation  impact,  and  so  does 
not  require  inflation  impact  review. 

Therefore,  under  the  Federal  Pood, 
Drug,  and  Cosmetic  Act  (sections  402, 
403,  409,  512,  701(a),  706,  52  Stat.  1046- 
1048  as  amended,  1055,  72  Stat.  1785- 
1788  as  amended,  74  Stat.  399-403,  82 
Stat.  343-351  (21  U.S.C.  342,  343,  348, 
360b,  371(a),  376))  and  under  authority 
delegated  to  the  Commissioner  (21  CFR 
5.1)  (recodification  published  in  the  Fed¬ 
eral  Register  of  Jime  15,  1976  (41  FR 
24262) ) ,  Chapter  I  of  Title  21  of  the  Code 
of  Federal  Regulations  is  amended  as 
follows: 

PART  S— COLOR  ADDITIVES 

1.  In  Part  8,  by  amending  5  8.36  by 
adding  new  paragraph  (c)  to  read  as 
follows: 

§  8.36  Application  of  the  cancer  c!au^e 
of  section  706  of  the  act. 

•  *  *  *  ♦ 

(c)  Color  additives  for  use  as  an  in¬ 
gredient  of  feed  for  animals  that  are 
raised  for  food  production.  Color  addi¬ 
tives  that  are  an  ingredient  of  the  feed 
for  animals  that  are  raised  for  food  pro¬ 
duction  must  satisfy  the  requirements 
imposed  by  subpart  E  of  Part  500  of  this 
chapter. 


PART  500 — GENERAL 

2.  In  Part  500,  by  adding  a  new  Sub¬ 
part  E,  consisting  of  §S  500.80  through 

500.98,  to  read  as  follows: 

Subpart  E — Criteria  and  Procedures  for  Evaluat¬ 
ing  Assays  f6r  Carcinogenic  Residues  in  Edible 
Products  of  Animals 

Secs. 

600.80  Chemical  compounds  used  In  food- 
producing  animals;  procedures  and 
criteria  for  determining  the  ac¬ 
ceptability  of  assay  methods  for 
carcinogenic  residues  in  edible 
products  of  such  animals. 

6(XI.84  Metabolic  study  in  target  animals  to 
Identify  residues  for  chronic  test¬ 
ing. 

600.85  Criteria  for  test  animal  selection; 

comparative  metabolic  studies  to 
aid  in  assessing  the  carcinogenicity 
of  residues  that  cannot  inacticaUy 
be  tested  individually  (intractable 
residues) , 

600A7  Chronic  testing. 

60039  Metabolic  study  to  Identify  the 
marker  residue  and  target  tissue. 

60030  Evaluation  and  approval  of  a  regu¬ 
latory  assay. 

600.93  'Withdrawal  p^ods. 

60034  PubUoation  of  the  iqiproved  regula¬ 
tory  assay. 

60036  Waiver  of  requirements. 

60038  Implementation. 

AoTHoaxrr:  Seoa.  403.  408,  409,  613,  701(a), 

708,  Sa  Stat.  1046-1048  as  amended,  1066,  T8 

Stat.  1786-1788  as  amended,  78  Stat.  899-408, 


82  Stat.  343-361  (21  U.S.C.  342,  343,  348,  360b, 
371(a),  376), 

Subpart  E — Criteria  and  Procedure?  for 

Evaluating  Assays  for  Carcinogenic  Res¬ 
idues  in  Edible  Products  of  Animals 

§  300.80  Chemical  compounds  u»ed  in 
food-producing  animals;  procedures 
and  criteria  for  determining  the  ac¬ 
ceptability  of  af>-iay  iiiellu>ds  for  car- 
einogenic  residues  in  edible  products 
of  such  animals. 

(a)  Purpose  and  applicability  of  this 
subpart.  (1)  The  act  requires  that  com¬ 
pounds  intraided  for  use  in  food-produc¬ 
ing  animals  shall  be  safe  and  that  food 
produced  from  animals  exposed  to  such 
compounds  be  safe  for  human  consump- 
ti<m,  and  prcrfilbits  the  use  of  any  com¬ 
pound  found  to  induce  cancer  when  in¬ 
gested  by  man  or  animal  in  food-produc¬ 
ing  animals  unless  it  can  be  determined 
by  methods  of  examination  prescribed 
or  approved  by  the  Commissioner  that 
no  residue  of  such  compound  will  be 
foimd  in  the  food  produced  from  such 
animals  under  conditions  of  use  reason¬ 
ably  certain  to  be  followed  in  practice. 
Petitions  for  the  approval  of  the  use  of 
a  compound  in  food-producing  animals 
shall  include  adequate  data  for  estab¬ 
lishing  the  absence  of  residues  of  carcino¬ 
genic  compounds  in  the  food  produced 
from  such  animals. 

(2)  The  provisions  of  this  subpart 
establish  the  following:  (i)  The  lowest 
limit  of  reliable  measurement  for  the  reg¬ 
ulatory  assay  required  for  carcinogenic 
residues  by  sections  409(c)  (3)  (A) ,  512 
(d)(1)(H),  and  706(b)(5)(B)  and  sec¬ 
tions  409(b)(2)(D),  512(b)(7)  and  706 
(b)  (5)  (A)  (iv)  of  the  act: 

(ii)  The  procedures  and  criteria  for 
evaluation  and  approving  such  assays; 
and 

<iii)  The  procedures  and  criteria  for 
establishing  the  pr^arketing  with¬ 
drawal  period  for  use  of  compounds  likely 
to  produce  such  residues. 

(3)  This  subpiart  shall  apply  specifi¬ 
cally  to  compounds  intended  for  use  in 
food-producing  animals  and  their  feed 
that  have  the  potential  to  cemtaminate 
human  food  with  residues  whose  con¬ 
sumption  could  engender  a  human  risk  of 
carcinogenesis.  The  determination  of  this 
potential  shall  be  based  cm  considerations 
of  ch^ical,  biochemical,  physiological, 
and  toxicological  data  derived  from  the 
scientific  literature  and  from  other 
sources  available  to  the  sponsor  or  to  the 
Commissicoier  and  on  the  proposed  pat¬ 
terns  of  compound  use.  The  subpart 
establishes  a  sequential  process  for  the 
collection  of  other  chemical,  biochemical, 
physiological,  and  toxicological  data  per¬ 
tinent  to  the  safety  of  the  proposed  use 
of  the  sponsored  compound.  This  subpart 
shall  not  apply  to  essential  nutrl^ts. 

(b)  General  approach.  (1)  When  the 
Commissioner  determine  that  a  spon¬ 
sored  ccHnpound  has  the  potential  to 
contaminate  food  from  food-producing 
animals  with  residues  (the  sponsored 
cranpound,  metabolites,  conversion  prod¬ 
ucts,  w  any  other  substances  f(»med  in 
or  (m  food  because  of  the  compound’s 
use)  whose  cansumpti<m  may  engender 
a  humui  risk  of  carclnog^esis,  the  fol¬ 


lowing  procedure  for  data  collection  and 
evaluation  shall  become  Explicable: 

(i>  A  metabolic  study  in  the  animals 
in  which  the  sp<msored  compound  is  in¬ 
tended  for  use  (target  animals)  designed 
to  identify  metabolites  of  concmi; 

<ii)  A  metabolic  study  of  the  spon¬ 
sored  compound  in  experimental  animals 
designed  to  aid  in  assessing  the  carcino¬ 
genicity  of  residues  that  cannot  practi¬ 
cably  be  tested  individually  (intractable 
residues) ; 

( iii)  Chronic  testing  in  test  animals  to 

assess  the  carcinogenic  potential  of  resi¬ 
dues  of  the  sponsored  comix)und  and  to 
furnish  data  suitable  for  statistical  treat¬ 
ment  by  the  procedure  of  Mantel  and 
Bryan,  (Mantel,  N.,  and  W.  R.  Bryan,  j 
“  ‘Safety’  Testing  of  Carcinogenic 
Agents,”  “Journal  of  the  National  Cancer 
Institute,”  27(2) :  455-470  (1971))  as 

modified  by  Mantel  et  al.  (Mantel,  N.,  et 
al.,  “Improved  Mantel-Bryan  Procedure 
for  ‘Safety’  Testing  of  Carcinogens,” 
“Cancer  Research,”  35:865-872  (1975))  » 
and  by  this  subpart,  to  permit  the  no¬ 
residue  requirement  of  the  act  to  be  op¬ 
erationally  defined  for  purposes  of  estab¬ 
lishing  a  lowest  limit  of  reliable  measure¬ 
ment  for  an  assay  to  measure  residues  of 
the  sponsored  ccunpound; 

(iv)  A  detailed  metabolic  study  of  the 
sponsored  compound  in  tsirget  animals 
designed  to  identify  a  specific  residue 
and  tissue  to  serve  as  indicators  (marker 
residue  and  target  tissue)  to  determine 
whetlier  the  no-residue  requirement  of 
the  act  is  satisfied; 

(v)  Development  of  a  regulatory  assay 
to  measure  the  marker  residue  in  the 
target  tissue  at  and  above  the  level  op¬ 
erationally  defined  as  satisfying  the  no¬ 
residue  requirement  of  the  act;  and 

(Vi)  Establishment  of  the  premarket¬ 
ing  withdrawal  period  required  for  the 
safe  use  of  the  sponsiH'ed  compound. 

(2)  If,  at  any  point  in  the  sequential 
process  of  data  collection  set  forth  in 
paragraph  (b)  (1)  of  ikils  section,  the 
evaluation  of  the  data  satisfies  the  Com¬ 
missioner  that  no  human  risk  of  carcin¬ 
ogenesis  attaches  to  the  proposed  use  of 
the  sponsored  cxMnpound,  the  compound 
shall  be  considered  for  approval  under 
the  general  safety  provisions  of  the  act. 

§  .3(>0.84  Mflabolif  study  in  target  ani- 
inaLs  to  identify  residues  for  eliroiiic 
tostiiii;. 

(a)  A  metabolic  study,  described  in 
paragraph  (b)  of  this  section,  shall  be 
conduct^  in  target  animals  to  provide 
data  on  the  phj'sicochemical  character¬ 
istics  of  residues,  their  relative  propor¬ 
tions,  their  distribution  among  the  var¬ 
ious  edible  tissues  (which  include  milk  or 
eggs  when  applicable),  and  their  reten¬ 
tion  and  depletion  by  the  animals. 

(b)  The  target  animal  metabolic 
study  shall  satisfy  the  following  mini¬ 
mum  requirements: 

(1)  The  metabolic  study  shall  be  con¬ 
ducted  In  target  animals  with  the  spmi- 


*  Copies  may  be  obtained  from:  Associate 
Director  iat  Scientific  Evaluation  (HFV- 
100),  Bureau  of  Veterinary  Medicine,  Food 
and  Drug  Administration,  6600  Flsbers  Lane, 
Rockville,  MD  20667. 
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sored  compound  bearing  appropriate 
radiolabels,  unless  other  expermental 
methods  permit  equivalent  measurement 
of  residues.  Such  labels  must  assure  that 
residues  containing  structural  moieties  of 
potential  carcinogenic  concern  can  be 
detected  and  measured  in  edible  tissues 
at  levels  as  low  as  the  best  available  tech¬ 
nology  will  permit.  Hypotheses  about  the 
sponsored  compound’s  projected  meta¬ 
bolic  pathways  may  be  used  as  a  guide 
to  experimentation,  but  shall  not  be  a 
substitute  for  actual  experimentation. 

(2)  The  dosing  regimen  shall  be  con¬ 
sistent  with  the  maximum  proposed  use 
level  and  proposed  duration  of  exposure 
to  the  sponsored  compound.  For  a  com¬ 
pound  that  is  proposed  for  continuous  or 
repeated  use  in  target  animals,  adminis¬ 
tration  for  the  metabolic  study  need  con¬ 
tinue  only  untfl  residue  equilibration  or 
tissue  saturation  has  been  demonstrated. 

(3)  The  metabolic  study  shall  be  de¬ 
signed  to  yield  the  following  information: 

(i)  The  concentrations  and  total  num¬ 
ber  of  residues  detected  in  edible  tissues 
of  target  animals  immediately  following 
cessation  of  exposure; 

(ii)  Except  when  the  Commissioner 
specifies  otherwise,  the  concentrations 
and  total  number  of  residues  detected  in 
edible  tissues  of  target  animals  when  the 
total  residue  burden  has  depleted  for  at 
least  three  half-lives;  and 

(iil)  The  physicochemical  properties  of 
the  detected  residues  to  identify  com¬ 
pounds  of  potential  carcinogenic  concern. 

(4)  The  results  of  the  metabolic  study 
shall  be  submitted  in  the  form  of  a  de¬ 
tailed  report  conforming  to  the  standards 
required  of  scientific  manuscripts  sub¬ 
mitted  for  publication  in  the  journals  of 
professional  scientific  societies  such  as 
the  American  Chemical  Society  and  the 
American  Society  of  Biological  Chemists. 
In  addition,  all  raw  data  shall  accom¬ 
pany  and  be  referenced  in  the  report. 

(c)  If  the  Commissioner  determines 
that  a  sponsored  compound  has  potential 
to  cont^inate  food  with  residues  whose 
consumption  engenders  human  risk  of 
carcinogenesis,  the  i)etitloner  shall  be  re¬ 
quired  to  determine  the  carcinogenic  po¬ 
tency  of  the  sponsored  CMnpound  and 
any  of  its  residues  that  might  be  of  pub¬ 
lic  health  concern  because  of  chemical 
structure  or  persistence  and  concentra¬ 
tion  In  edible  tissues.  Ordinarily,  chronic 
testing  of  the  sp>onsored  compound  and 
selected  residues  in  experimental  animals 
shall  be  the  preferred  means  of  assessing 
carcinogenic  potency.  (Section  500.85  de¬ 
scribes  an  alternative  means  of  assessing 
the  carcinogenic  potency  of  residues 
whose  Isolation  or  synthesis  in  sufficient 
quantities  for  chronic  testing  proves  to  be 
^yond  the  practical  limits  of  current 
chemical  tedinology  (Intractable  resi¬ 
dues)  by  establishing  additional  criteria 
for  selecting  test  animal  species/strains 
used  to  conduct  chronic  toxicity  testing 
(rf  the  sponsored  compound.) 


§  500.85  Criteria  for  test  animal  selec¬ 
tion;  comparative  metabolic  stndiea 
to  aid  in  assessing  the  carcinogenic- 
itr  of  residues  that  cannot  practi¬ 
cably  be  tested  individually  (intraeta- 
ble  residues) . 

(a)  The  primary  criterion  for  the  se¬ 
lection  of  species  or  strains  of  test  ani¬ 
mals  for  chronic  testing  of  the  sponsored 
compound  and  any  metabolites  selected 
in  accordance  with  §  500.84  shall  be  the 
suitability  of  the  species  or  strain  as  a 
model  for  man. 

(b)  If  one  or  more  intractable  residues 
are  also  selected  for  chronic  testing  based 
upon  the  metabolic  study  in  the  target 
animal,  a  secondary  criterion  for  the 
selection  of  species  or  strains  of  animals 
for  the  testing  of  the  sponsored  com¬ 
pound  shall  be  employed.  Metabolic  stud¬ 
ies  of  the  sponsored  compound  in  the  test 
animal  species  or  strains  deemed  suit¬ 
able  for  chronic  testing  by  the  primary 
criterion  shall  be  conducted  to  deter¬ 
mine  if  the  intractable  residues  present 
in  the  tissues  of  target  animals  are  also 
produced  in  the  test  animals.  Chronic 
testing  of  the  sponsored  compound  in  a 
species  or  strain  of  test  animals  in  which 
the  residues  produced  are  similar  to  the 
complement  of  residues  in  the  tissues  of 
the  target  animals  shall  be  considered  an 
appropriate  method  of  assessing  the 
carcinogenic  potency  of  the  intractable 
residues. 

§  500.87  Qironic  testing. 

(a)  CSironlc  toxicity  tests  shall  be  con¬ 
ducted  to  assess  the  carcinogenic  poten¬ 
tial  of  the  residues  of  the  sponsored  com¬ 
pound. 

(1)  The  sponsored  compound  and  any 
residues  selected  for  chronic  toxicity 
testing  shall  be  subjected  to  oral,  life¬ 
time,  dose-response  studies  in  the  test 
animal  species  or  strains  selected  in  ac¬ 
cordance  with  §  500.85.  Each  of  these 
studies  must  be  designed  to  determine 
whether  the  test  compound  is  carcino¬ 
genic.  Protocols  for  these  studies  should 
be  submitted  to  the  Commissioner  for 
review  prior  to  commencing  testing. 

(2)  Ihe  Commissioner  will  determine 
whether  any  of  the  compotmds  tested  is 
carcinogenic  on  the  basis  of  the  results 
of  these  chronic  toxicity  studies  and 
other  available  information.  If  this  evi¬ 
dence  is  equivocal,  the  compoimd  shall 
be  classed  as  a  carcinogen  until  further 
testing  resolves  any  remaining  questions 
regarding  carcinogenicity. 

(b)  When  the  Commissioner  deter¬ 
mines  that  a  sponsored  compound  has 
the  potential  to  increase  the  normal 
levels  (pools)  of  carcinogenic  and  poten¬ 
tially  carcinogenic  substances  endoge¬ 
nous  to  the  target  animals,  the  petitlcmer 
shah  meet  the  requirements  of  §  500.89 

(c),  (d)  and  (e). 

(c)  For  each  tested  compound  classed 
as  a  carcinogen,  the  appropriate  data 
from  the  chronic  dose-response  studies 
Shan  be  analyzed  according  to  proce¬ 


dures  described  by  Mantel  and  Bryan 
(Mantel,  N.,  and  W.  R.  Bryan,  “  ‘Safety’ 
Testing  of  CJarcinogenic  Agents,"  “Jour¬ 
nal  of  the  National  Cancer  Institute,” 
27(2)  :455-470  (1961))  and  Mantel  et  al. 
(Mantel.  N.,  et  al.,  “Improved  Mantel- 
Bryan  Procedure  for  ‘Safety’  Testing  of 
Carcinogens,”  “Cancer  Research,” 
35:865-872  (1975))’;  subject  to  the 
modifications  and  restrictions  set  forth 
in  paragraph  (c)(1)  through  (9)  of  this 
section.  The  purpose  of  this  analysis  shall 
be  to  define  the  no-residue  requirement 
of  the  act  as  it  applies  to  the  total  residue 
of  carcinogenic  concern  of  the  spon¬ 
sored  compound  and  thereby  to  deter¬ 
mine  the  lowest  level  of  reliable  meas¬ 
urement  that  shall  be  required  for  a  reg¬ 
ulatory  assay  to  be  approved  for  the 
measurement  of  such  residues. 

(1)  The  administered  dose  of  each  test 
compound  shall  be  expressed  as  a  frac¬ 
tion  of  the  total  diet  fed  the  test  animal 
species/strains,  e  g.,  petrts  per  million, 
parts  per  billltMi,  etc. 

(2)  The  “safe”  level  of  Mantel  and 
Bryan,  calculated  for  each  test  compound 
in  accordance  with  this  section,  shall  be 
expressed  as  a  fraction  of  the  total  diet 
fed  the  test  animal  species/strains.  It 
shall  be  calculated  with  99  percent  confi¬ 
dence  for  a  maximiun  lifetime  risk  that  is 
essentially  zero  but  never  expected  to  ex¬ 
ceed  1  in  1  million. 

(3)  A  slope  of  one  probit  per  unit  log 
dose  shall  be  used  for  extrapolation  to 
the  “safe”  level  unless  the  experimental 
data  indicate  that  a  shallower  slope  is  re¬ 
quired  to  maintain  the  conservatism  of 
the  procedure. 

(4)  Data  obtained  from  more  than  one 
dose  level  fed  to  groups  of  experimental 
animals  of  the  same  strain  shall  be  com¬ 
bined  as  described  by  Mantel  et  al.  (Man¬ 
tel,  N.,  et  al.,  “Improved  Mantel-Brjan 
Procedure  for  ‘Safety^  Testing  of  Carcin¬ 
ogen,”  “Cancer  Research”,  35:865-872 
(1975)),*  and  subject  to  the  restrictions 
specified  by  these  authors. 

(5)  Pooling  data  from  various  chronic 
tests  using  different  animal  sexes,  species, 
or  strains  shall  be  permitted  if  It  can  be 
demonstrated  that  the  protocols  are  of 
compatible  design.  If  statistically  signif¬ 
icant  biological  differences  in  tumori- 
genic  responses  are  observed  between 
sexes  or  among  sp>ecies  or  strains  of  ex¬ 
perimental  animals,  cmly  subsets  of  data 
representing  statistically  and  biologically 
compatible  bioassays  may  be  combined 
for  analvsis. 

(6)  All  tumors  (benign  and/  or  malig¬ 
nant)  shall  be  considered  in  the  analysis. 

(7)  The  number  of  animals  at  risk  may 
be  adjusted  for  competing  risks  unrelated 
to  the  ccHupound-lnduced  carcinogenesis 
only  when  the  data  clearly  support  such 
an  adjustment. 

(8)  When  cmly  the  spemsemed  com¬ 
pound  is  subjected  to  chronic  testing,  lbs 
calculated  “safe"  levd  shall  be  desig¬ 
nated  at  So.  When  m(»e  than  one  comr 
pound  is  subjected  to  chronic  testing,  the 
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lowest  of  all  calculated  “safe”  levds  shall 
be  designated  5..  S,  shall  be  exiiressed  as 
the  fraction  of  the  diet  fed  the  test  ani¬ 
mals  (e.g..  parts  per  million,  parts  per 
billion,  etc.) . 

(9)  The  no-residue  requirement  of  the 
the  act  shall  be  considered  satisfied  when 
ccKiditions  and  use  of  the  compound,  in¬ 
cluding  any  required  withdrawal  period, 
can  be  prescribe  to  assure  that  the  siun 
of  the  levels  of  all  potential  residues  of 
carcinogenic  concern  will  not  exceed  S, 
in  the  total  diet  of  man  and  a  regiUatory 
assay  is  available  that  is  capable  of  reli¬ 
ably  measuring  such  residues  at  and 
above  that  level.  All  residues  of  the  spon¬ 
sored  compound  shall  be  classed  as  car¬ 
cinogenic  except  those  that  have  been 
unequivocally  shown  to  be  noncarcino- 
genic. 

(d)  The  S,  value  represents  the  sum  of 
all  residues  of  carcinogenic  concern  that 
must  not  be  exceeded  in  the  total  diet  of 
man.  For  individual  edible  tissues,  the 
value  that  must  not  be  exceeded  shall  be 
designated  Sm  and  calculated  according 
to  the  following  formula: 


Note, — T  is  the  fraction  of  the  total  daily 
diet  of  man  represented  by  an  individual 
edible  tissue. 

(1)  The  principial  Sm  calculations  are 
as  follows: 


Edible  tissue  T  Sm 


Muscle . 1/3  SS, 

Milk . 1  8. 

Eggs .  1/3  SS. 


(2)  Calculation  of  for  tissues  con¬ 
sumed  less  frequently  than  muscle  may 
take  into  consideration  the  frequency  of 
consumption  of  such  tissues  if  it  can  be 
clearly  shown  that  S,  will  not  be  ex¬ 
ceeded  in  the  total  human  diet. 

§  500.89  Metabolic  study  to  identify  the 
marker  rc'sidue  and  target  tissue. 

(a)  The  petitioner  shall  conduct  a 
study  of  the  metabolic  fate  of  the  spon¬ 
sored  compound  in  target  animals  ade¬ 
quate  to  provide  the  data  necessary  for 
the  selection  of  a  marker  residue  in 
target  tissue. 

(1)  The  target  tissue  is  tliat  tissue  in 
which  measurement  of  the  total  residue 
burden  of  carcinogenic  concern  is  a  reli¬ 
able  measure  of  the  total  residue  burden 
of  carcinogenic  concern  in  all  edible 
tissues. 

(2)  The  marker  residue  for  the  spon¬ 
sored  compound  shall  be  that  residue 
(the  sponsored  compound,  any  metabo¬ 
lite,  or  more  than  one  of  these)  whose 
level  in  the  target  tissue  is  a  reliable 
measure  of  the  total  burden  of  all  resi¬ 
dues  of  carcinogenic  concern  in  all  edible 
tissues. 

(b)  The  metabolic  study  to  establish 
the  marker  residue  and  target  tissue 
shall  comply  w'ith  the  requirements  set 
forth  in  §  500.84(b)  (2)  and  (4) ,  with  the 
following  additional  specifications: 

(1)  For  each  edible  tissue,  the  deple¬ 
tion  profile  of  the  total  residue  of  carci¬ 
nogenic  concern  shall  be  constructed  and 
shall  include  measurements  of  levels  at 
least  as  low  as  the  Sm  appropriate  to  the 
tissue  under  study,  set  forth  in  Plate  I 
as  follows: 
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PLATE  1.  RESIDUE  DEPLETION  CURVES  TO  BE  USED 
IN  THE  DETERMINATION  OF  MARKER  RESIDUE  AND 
TARGET  TISSUE. 


(APPROPRIATE  UNITS,  le.,  HOURS.  DAYS.  ETC) 

(2)  Depletion  profiles  for  one  or  more  potaitlal  marker  residues  shall  be  constructed  as  set  forth  In  Plate  n  in  this 
paraffraph,  and  include  measurements  lev^  corresponding  to  the  time  when  the  total  residue  level  has  reached  Sm 
Bftihe  e^le  tissue  requiring  the  longest  time  to  deplete  to  Sm  (Tl  of  Plate  I  In  paragraph  (b)  (1)  of  this  section) . 
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PLATE  IL  SELECTION  Of  HANKER 
RESIDUE  AND  ITS  LEVEL  Rm 

THAT  MUST  BE  MEASURED  BY  THE  REGULATORY  ASSAY. 


(3)  If  these  specifications  have  been 
met  by  the  metab<^  study  required  by 
§  500.84(b),  a  second  metabolic  study 
need  not  be  performed  to  satisfy  this 
section. 

(4)  Prom  these  data,  the  Commissioner 
will  select  a  marker  residue  and  target 
tissue,  and  he  will  also  designate  the 
required  level  of  maricer  residue,  iZm  (set 
forth  in  Plate  n  in  paragraph  (b)  (2)  of 
this  section) ,  that  regulatory  assays  must 
be  capable  of  measuring  in  the  target  tis¬ 
sue.  The  selection  of  Rm  shall  be  such 
that  the  absence  of  the  marker  residue 
In  target  tissue  above  Rm  can  be  taken 


as  confirmatiim  that  the  total  residue 
burden  of  carcinogenic  concern  does  not 
exceed  Sm  in  each  of  the  various  edible 
tissues  and  therefore  that  the  total  bur¬ 
den  of  carcinogenic  concern  in  the  hu¬ 
man  diet  does  not  exceed  So. 

(c)  When  the  Commissioner  deter¬ 
mines  on  the  basis  of  available  scientific 
information  that  a  sponsored  compound 
has  the  potential  to  increase  the  normal 
levels  (pools)  of  potentially  carcinogenic 
substances  endogenous  to  target  animals, 
the  petitioner  shall  provide  the  following 
additional  data: 

(1)  An  experimental  determination  of 
the  background  levels  (norm)  of  each  of 


the  potentially  carcinogenic  endogenous 
substances  of  concern  in  imtreated  tar¬ 
get  animals. 

(i)  The  norm  shall  be  specific  for  the 
target  animals  and  the  Intended  condi¬ 
tions  of  animal  husbandry,  and  shall  be 
determined  from  studies  designed  to  take 
into  account  differ^ces  due  to  factors 
such  as  breed,  age,  sex,  state  of  estrus, 
and  geographic  location. 

(ii)  Each  norm  shall  be  submitted  in 
the  form  of  a  graph  of  tiie  ciunulatlve 
frequency  distribution  versus  the  ob¬ 
served  naturally  occurring  levels.  Includ¬ 
ing  the  99  percent  confidence  bounds,  set 
forth  in  Plate  m  as  follows: 
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PLATE  lU.  SAMPLE  CF  A  NORM 


(lli)  An  assay  shall  be  acceptable  for 
the  determination  of  a  norm  only  If  It 
yields  values  for  the  endogenous  com- 
poimd  of  Interest  greater  than  zero  In  at 
least  two-thlrds  of  ttie  untreated  target 
animals. 

(2)  Studies  to  measure  the  effect  of 
the  sponsored  wunpound  on  the  norm 
and  tile  postexposure  decay  of  any  in¬ 
crease  in  the  norm  caused  by  adminis¬ 
tration  of  the  sponsored  compoimd. 

(3)  All  data  from  these  studies  sub¬ 
mitted  in  accordance  with  the  require¬ 
ments  established  in  paragraph  §  500.- 
84(b) (4). 

(d)  For  a  potentially  carcinogenic 
endogenous  compound  whose  norm  is  in¬ 
creased  by  the  administration  of  a 
sponsored  compound,  the  no-residue  re¬ 
quirement  of  the  act  shall  be  considered 
satisfied  when  the  norm  is  restored. 

(1)  The  norm  shall  be  considered  re¬ 
stored  when  the  distribution  of  values 
for  the  endogenous  substance  of  concern 
observed  in  a  group  of  treated  animals  is 
with  99  percent  confidence  the  same  as 
the  norm. 

(2)  The  marker  residue  for  a  spon¬ 
sored  compound  that  affects  a  poten¬ 
tially  carcinogenic  endogenous  sub¬ 
stance  shall  be  the  affected  endogenous 
substance. 

(3)  When  the  norm  of  more  than  one 
potentially  carcinogenic  endogenous 
compoimd  is  increased  by  administration 


of  the  spemsored  compound,  the  marker 
residue  for  all  endogenous  cmnpounds  of 
concern  shall  be  that  endogenous  com¬ 
pound  whose  norm  requires  the  longest 
time  for  restoration. 

(e)  For  an  endogenous  compomid  se¬ 
lected  to  be  a  marker  residue,  the  re¬ 
quired  level  of  measurement,  Rm,  for  the 
regulatory  assay  shall  be  the  lev^  of  that 
endogenous  compound  corresponding  to 
the  33d  percentile  of  the  norm,  set  forth 
in  Plate  rn  in  paragraph  (c)(1)  (li)  of 
this  section. 

§  S00.90  Evaluation  and  approval  of  a 
regulatory  assay. 

(a)  Before  a  petition  can  be  consid¬ 
ered  for  approval,  the  petitioner  shall 
submit  for  evaluation  and  validation  a 
regulatory  assay  developed  to  monitor 
compliance  with  no-residue  requirement 
of  the  act.  The  regulatory  assay  shall  re¬ 
liably  measure  the  marker  residue  m  the 
target  tissue  at  levels  at  least  equal  to 
and  above  Rm.  as  defined  m  §  500.89  (b) 
and  (e) .  The  criteria  and  procedures  in 
paragraphs  (b)  through  (g)  of  this  sec¬ 
tion  shall  apply  to  the  evaluation  and 
approval  of  assays. 

(b)  The  regulatory  assay  shall  be 
evaluated  and  validated  using  data  col¬ 
lected  from  three  types  of  samples: 

(1)  Samples  containing  various 
known  concentrations  of  maricer  residue 
added  to  the  target  tissue,  l.e.,  “spiked” 
tissue  samples. 


(2)  Samples  containmg  various  levels 
of  the  marker  residue  obtamed  from 
target  tissue  at  appropriate  time  inter¬ 
vals  after  the  sponsored  compound  is 
administered  in  accordance  with  the 
proposed  labeimg,  i.e.,  “dosed”  tissue 
samples. 

(3)  Samples  obtained  from  untreated 
tai'get  animals,  i.e.,  “control”  tissue 
samples. 

(c)  The  petition  for  approval  of  the 
proposed  regulatory  assay  shall  contain 
the  following: 

(1)  A  complete  description  of  the 
assay. 

(2)  A  list  of  all  necessary  equipment 
and  reagents. 

(3)  A  standard  curve  prepared  from 
samples  of  the  marker  residue  of  known 
purity. 

(4)  An  analytical  curve  of  the  observed 
assay  response  versus  the  tissue  concen¬ 
trations  of  the  marker  residue  in  spiked 
tsu-get  tissue.  The  curve  shall  include  the 
99  percent  confidence  bounds  of  a  single 
assay  response. 

(5)  All  raw  data  and  worksheets  freun 
the  analyses  of  spiked,  dosed,  and  control 
tissue  samples,  and  from  the  analysis 
used  in  preparing  the  standard  curve. 
Including  spectrograms,  chromatograms, 
etc. 

(6)  A  discussion  of  the  data  generated 
in  the  assay  development  process  per¬ 
tinent  to  the  evaluatlmi  criteria  set  f(»th 
in  {paragraph  (d)  of  this  section  explaln- 
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ing  how  the  data  show  that  the  proposed 
assay  conforms  to  those  crlteriaL 

(d)  A  regulatory  assay  must  satisfy  the 
following  criteria: 

(1)  Dependability.  The  assay  shall  be 
considered  dependable  if  it  does  not  re¬ 
sult  in  an  unreasonable  number  of  fail¬ 
ures  due  to  unknown,  imcontrollable,  or 
random  factors.  Evaluation  of  the  data 
to  support  the  dependability  criterion 
will  be  based  on  the  total  number  of  assay 
runs  that  are  started  to  provide  data 
points  for  the  analytical  curve  of  para¬ 
graph  (c)  (4)  of  this  section.  An  explana¬ 
tion  shall  be  required  for  any  assay  run 
started  that  yields  no  final  determina¬ 
tion. 

(2)  Practicability.  The  assay  shall  be 
considered  practicable  only  if  it  is  suit¬ 
able  for  routine  use  in  a  government  reg¬ 
ulatory  laboratory.  The  time  required  to 
complete  the  assay  must  be  consistent 
with  regulatory  objectives  (monitoring, 
compliance,  etc.).  All  supplies,  equip¬ 
ment,  reagents,  standards,  and  other  ma¬ 
terials  necessary  to  conduct  the  assay 
must  be  commercially  available  except 
that  reference  standards  may  be  supplied 
by  the  petitioner  if  they  are  not  com¬ 
mercially  available.  The  Commissioner 
win  withdraw  approval  of  any  assay 
method  and  Initiate  regulatory  actlcm 
against  the  sponsored  compound.  If  Uie 
petitioner  breaches  such  a  condition  of 
the  compound’s  approval. 

( 3 )  Specificity.  The  assay  shall  be  con¬ 
sidered  specific  if  the  observed  response 
is  a  smooth  and  continuously  decreasing 
or  increasing  function  of  the  concentra¬ 
tion  of  the  marker  residue  and  that  com¬ 
pound  only.  The  regulatory  assay  must 
be  comprised  of  a  sufficient  number  of 
Independent  measurements  based  on  a 
different  biological,  biochemical,  or 
physlochemical  principles  to  assime  that 
the  identity  of  the  marker  residue  is 
confirmed. 

(4)  Accuracy.  The  assay  shall  be  con¬ 
sidered  accurate  If  the  measurements  it 
yields  are  normal^  no  less  than  60  per¬ 
cent  nor  greater  than  110  percent  of  the 
marker  residue’s  true  concentration  m 
the  spiked  target  tissues. 

(5)  Lowest  limit  of  reliable  measure¬ 
ment.  The  regulatory  assay  shall  be  con¬ 
sidered  approvable  If  It  can  reliably  dis¬ 
criminate  with  99  percent  confidence  the 
marker  residue  response  from  the  target 
tissue  backgroimd  response  at  or  below 
the  required  lowest  limit  of  reliable  meas¬ 
urement,  the  iZ.  of  §  500.89  (b)  or  (e) . 
If  the  regulatory  assay  for  an  exogenous 
compound  can  reliably  discriminate  the 
marker  residue  response  from  the  target 
tissue  background  response  at  a  level 
below  the  required  lowest  limit  of  reliable 
measurement  determined  in  accordance 
with  §  500.89(b),  the  Ocxnmlssioner  shall 
approve  the  compoimd  for  use  only  under 
conditions  that  will  not  result  in  resi¬ 
dues  above  that  level. 

(e)  The  Commissioner  will  review  and 
evaluate  the  data  submitted  in  accord¬ 
ance  with  paragraphs  (a) ,  (b) ,  and  (c) 
of  this  section.  If  the  Commissioner  con¬ 
cludes  that  the  assay  satisfies  the  evalua¬ 
tion  criteria  of  paragrai^  (d)  oi  this 
section,  it  will  then  be  subjected  to  the 


InterlaboratmT  validation  study  de¬ 
scribed  in  paragraph  (f)  of  this  section. 

(f)  Two  PVx>d  and  Drug  Administra¬ 
tion  laboratories  and  one  UJS.  Depart¬ 
ment  of  Agriculture  labwatory  will  in¬ 
dependently  nm  a  number  of  assays  to 
ascertain  whether  the  regulatory  assay 
method  conforms  to  the  critmda  set 
forth  in  paragraph  (d)  of  this  section. 

(1)  The  petitioner  shall  supiriy  the 
validating  laboratories  with  the  number 
and  amount  of  dosed  and  control  tissue 
samples  requested  by  the  Commissioner. 

(2)  The  petitioner  shall  supply  re¬ 
agents,  standards,  supplies,  and  equip¬ 
ment  not  readily  available  to  the  validat¬ 
ing  laboratories,  as  requested  by  the 
Commissioner. 

(g)  The  Commissioner  will  evaluate 
the  data  gathered  from  the  study  de¬ 
scribed  in  paragraph  (f)  of  this  section. 
The  assay  shall  be  approved  if  it  meets 
the  criteria  set  forth  in  paragraph  (d) 
of  this  section  in  each  of  the  three 
validating  laboratories. 

§  500.92  Wididrawal  periods. 

(a)  The  withdrawal  period  shall  be 
the  time  after  cessation  of  administra¬ 
tion  of  the  9x>nsored  cmnpound  neces¬ 
sary  for  the  marker  residue  to  deplete, 
with  99  percent  assurance,  to  L»  in  the 
target  tissue.  The  time  will  be  extended  if 
necessary  to  be  cmislstent  with  c(mdl- 
tions  of  livestock  management  reason¬ 
ably  certain  to  be  followed  in  practice. 
Tlie  petitioner  shall  submit  studies  of 
Uie  marker  residue’s  depletkm  fnxn  the 
target  tissue  of  animals  dosed  according 
to  the  maximum  level  of  use  proposed  in 
the  petitlmi.  Ihe  validated  regulatory 
assay  must  be  used  to  collect  these  data. 

(1)  The  petitioner  shall  submit  a  plot 
of  the  concentration  of  marker  residues 
in  target  tissue  as  a  function  of  time  (de¬ 
pletion  curve)  including  the  99  percent 
confidence  limits  on  the  observed  values. 

(2)  All  raw  data  and  statistical  anal¬ 
yses  shall  be  submitted  along  with  a 
referenced  discussion  of  the  results. 

(3)  Use  of  the  sponsored  compound 
shall  be  approved  only  if  the  available 
evidence  demonstrates  that  the  pro¬ 
posed  conditions  of  use,  including  any 
withdrawal  period,  are  reasonably  cer¬ 
tain  to  be  followed  in  practice. 

(b)  When  the  marker  residue  is  an 
endogenous  compound,  the  withdrawal 
period  shall  be  the  time  required  after 
cessation  of  adminlstratlcHi  of  the  spon¬ 
sored  compound  for  the  norm  to  be  re¬ 
stored,  with  99  percent  assurance.  The 
time  will  be  extended  if  necessary,  but 
not  reduced,  to  be  compatible  with  con¬ 
ditions  of  livestock  management  rea¬ 
sonably  certain  to  be  followed  in  prac¬ 
tice.  The  validated  regulatory  assay  must 
be  used  to  collect  data  on  the  rate  of 
restoration  of  the  norm. 

( 1 )  The  petitioner  shall  submit  a  series 
of  curves  that  demonstrate  the  time  re¬ 
quired  for  restoratiem  of  the  norm. 

(2)  An  raw  data  and  statistical  anal¬ 
ysis  shaU  be  submitted  along  with  a  ref¬ 
erenced  dlscusskm  of  the  results. 

(3)  A]K>roval  of  the  petition  for  the 
sponsored  compound  shaU  be  granted 


only  if  the  available  evidence  demon¬ 
strates  that  the  proposed  labdlng  is  rea¬ 
sonably  certain  to  be  followed  in  practice. 

§  300.94  Publication  of  the  approvctl 
regulatory  assay. 

The  lowest  level  of  reliable  measure¬ 
ment  (L») ,  the  complete  regulatory  as¬ 
say  for  meastiring  the  marker  residue  in 
the  target  tissue,  and  the  analytical 
curve  shall  be  published  in  the  Federal 
Register,  in  accordance  with  the  provi¬ 
sions  of  sections  409(c)(3)(A),  512  (d> 
(1)  (H)  and  (i),  and  706(b)  (5)  (B)  of  the 
act.  For  an  endogenous  marker  residue, 
the  norm  shall  also  be  published. 

§  500. 9r»  ^  aiver  of  rotjuirpmonts. 

The  Commissioner,  in  response  to  a 
petitioner  or  on  his  own  initiative,  may 
waive,* in  whole  or  in  part,  any  of  the 
foregoing  requirements  for  the  scientific 
evaluation  of  sponsored  compounds  that 
have  the  potential  to  contaminate  hu¬ 
man  food  with  residues  whose  consump¬ 
tion  could  engender  a  human  risk  of  car¬ 
cinogenesis.  A  petition  for  such  waiver 
may  be  filed  by  any  person  who  would  be 
adversely  affected  by  the  application  of 
the  requirements  to  a  particular  com¬ 
pound.  The  petition  shall  explain  and 
document  why  some  or  all  of  the  require¬ 
ments  are  not  reasonably  applicable  to 
the  compound,  and  describe  the  alterna¬ 
tive  procedures  that  have  been,  or  could 
be,  followed  to  assure  that  use  of  the 
ccHnpound  will  not  contaminate  human 
food  with  residues  whose  consumption 
could  engender  a  human  risk  of  carcino¬ 
genesis  and  that  an  assay  method  exists 
that  satisfies  the  requirements  of  §  500.- 
90(d)  (1)  through  (4)  and  that  is  capa¬ 
ble  of  measuring  any  such  residues  that 
might  occur  when  the  compound  was  im¬ 
properly  used.  The  petition  shall  set 
forth  clearly  the  reasons  why  the  alter¬ 
native  procedures  will  provide  the  basis 
for  concluding  that  approval  of  the  com¬ 
poimd  satisfies  the  requirements  of  the 
anticancer  provisions  of  the  act.  If  the 
C(Mnmissioner  determines  on  his  own  ini¬ 
tiative  that  waiver  of  any  of  the  fore¬ 
going  requirements  is  appropriate,  he 
shall  so  state  and  set  forth  the  basis  for 
that  determination  in  the  regulation  ap¬ 
proving  marketing  of  the  sponsored  com¬ 
pound. 

§  500.98  Inipleiiicntution. 

(a)  The  requirements  of  this  subpart 
shall  apply  to  all  new  animal  drug  ap¬ 
plications,  feed  additive  petitions,  and 
appropriate  color  additive  petitions  (l.e., 
all  compounds  Intended  for  use  in  food- 
producing  animals)  submitted  to  the 
Food  and  Drug  Administration  sub¬ 
sequent  to  the  effective  date  of  the  sub- 
pait,  including  appropriate  supplemental 
applications,  and  to  all  such  applications 
or  petitions  on  file  with  the  agency  on 
the  effective  date  of  the  subpart  except 
to  the  extent  that  the  Commissioner  de¬ 
termines  that  consumer  protection  can 
be  adequatdy  assured  by  imposing  such 
requirements  in  accordance  with  the  pro¬ 
visions  of  paragraph  (b)  of  this  section. 

(b)  The  provisions  of  this  sul^xtrt 
shall  also  i^^ly  to  the  following  com¬ 
pounds  already  approved: 
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(1)  Those  compounds  that  the  Com¬ 
missioner  determines,  on  the  basis  of 
available,  reliable  information,  have  been 
shown  to  induce  cancer  when  ingested 
by  man  or  animals. 

(2)  Those  comp>ounds  that  the  Com¬ 
missioner  determines  may  induce  can¬ 
cer  when  ingested  by  man  or  animals, 
i.e..  suspect  carcinogens. 

(3i  Any  compound  for  which  the  Com¬ 
missioner  concludes  sufficient  informa¬ 
tion  has  not  been  provided  to  determine 
whether  that  compound  is  apprppriately 
regulated  imder  the  general  food  safety 
provisions  of  the  act  or  \mder  the  anti¬ 
cancer  provisions  of  the  act. 

(c)  Any  compound  already  approved  to 
which  the  Commissioner  determines  the 
anticancer  provisions  of  the  act  are  ap¬ 
plicable,  or  for  w'hich  additional  data  are 
required  for  such  a  determination,  will  be 
the  subject  of  a  notice  published  in  the 
Federal  Register  or  a  letter  issued  pursu¬ 
ant  to  section  512(1)  of  the  Act  estab¬ 
lishing  the  time  within  which  the  re¬ 
quirements  of  this  subpart  must  be 
satisfied. 

(1)  Notices  already  published  in  the 
Federal  Register  and  letters  already 
sent  by  the  Pood  and  Drug  Administra¬ 
tion  requiring  additional  studies  or  sub¬ 
mission  of  an  Improved  r^ulatory  assay 
shall  remain  in  effect,  and  the  provisions 
of  this  subpart  shall  be  used  In  determin¬ 


ing  ccmipllance  with  the  requirements  of 
the  act  identified  in  those  notices  and 
letters. 

(2)  1116  Cwnmissloner  will  proceed  to 
withdraw  approval  of  any  compound  on 
the  basis  of  data  or  Information  indicat¬ 
ing  a  health  hazard  or  in  response  to  any 
failure  to  undertake  studies  necessary  to 
comply  with  the  provisions  of  this  sub- 
I>art. 


PART  514 — NEW  ANIMAL  DRUG 
APPLICATIONS 

3.  In  Part  514,  by  amending  §  514.111, 
by  adding  a  new  paragraph  (a)  (10)  to 
read  as  follows: 

§311.111  Refii'iil  to  approve  an  appli- 
oalion. 

(a)  *  •  • 

(10)  Such  di*ug  fails  to  satisfy  the  re¬ 
quirements  imposed  by  Subpart  E  of  Part 
500  of  this  chapter. 

*  «  *  »  « 


PART  571— FOOD  ADDITIVE  PETITIONS 

4.  In  Part  571,  adding  a  new  §  571.- 
115,  to  read  as  foUovre : 

§  371.115  Application  of  the  anticancer 
cause  of  section  4091. 

Food  additives  Intended  for  use  as  an 
ingredient  in  food  for  animals  that  are 
raised  for  food  production  must  satisfy 


the  requirements  imposed  by  Subpart  E 
of  Part  500  of  this  chapter. 

Effective  date.  These  regulations  shall 
be  effective  March  23,  1977.  Interested 
persons  may,  on  or  before  April  25,  1977 
submit  to  the  Hearing  Clerk,  Food  and 
Drug  Administration.  Rm.  4-65,  5600 
Fishers  Lane,  Rockville,  MD  20857,  writ¬ 
ten  comments,  in  quadruplicate  and  iden¬ 
tified  with  the  Hearing  Clerk  docket 
number  found  in  brackets  on  the  heading 
of  this  document,  regarding  these  regula¬ 
tions.  Received  comments  may  be  seen  in 
the  above  ofOce  between  9  a.m.  and  4 
p.m.,  Monday  through  Friday.  Any 
changes  in  this  order  justified  by  such 
comments  will  be  the  subject  of  a  fur¬ 
ther  order  amending  the  specific  regula¬ 
tions  involved. 

(Secs.  402,  403,  409.  512,  701(a),  706,  52  Stat. 
1046-1048  as  amended.  1055,  72  Stat.  1785  - 
1788  as  amended,  74  Stat.  399-403,  82  Stat. 
343-351  (21  U.S.C.  342,  343,  348.  360b.  371 
(a),  376).) 

Note. — Incorporation  by  reference  provi¬ 
sions  approved  by  the  Director  of  the  Oflice 
of  the  Federal  Register  on  July  11,  1973,  and 
February  16,  1977,  and  on  file  in  the  library 
of  that  office. 

Dated:  February  14, 1977. 

Sherwin  Gardner, 

Acting  Commissioner  of 
Food  and  Drugs. 

[PR  Doc.77-5266  Filed  2-18  77:8  45  am) 
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